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SECTION  OF  GEOLOGICAL  SCIENCES 


LUNAR  VOLCANIC  MECHANISMS* 

Jack  Green 

Space  Sciences  Laboratory,  North  American  Aviation,  Inc., 
Downey,  Calif. 


"The  little  we  believe  we  know  of  what  is  called  the  volcanicity  of  the 
Moon  depends  too,  from  the  very  nature  of  the  knowledge,  on  configuration 
alone." 


A.  von  Humboldt  (1851) 

It  is  of  interest  to  inquire  if  conditions  for  the  evolution  of  volcanic 
forms  may  be  different  on  the  moon  than  on  the  earth.  If  most  of  the  major 
lunar  surface  features  are  of  an  internal  origin,  what  might  be  suggested 
as  mechanisms  intensifying  lunar  volcanism? 

Two  forces  operative  on  the  moon  to  a  degree  not  present  on  earth  are 
tides  and  gravity  (table  1).  These  forces  may  trigger  regional  lunar 
volcanism.  The  tidal  effects  would  be  those  induced  by  the  earth.  Tides 
would  be  created  because  the  lunar  orbit  is  not  a  circle;  its  mean  eccen¬ 
tricity  is  0.0549.  Therefore,  at  apogee  it  is  50,000  km.  farther  from  earth 
than  at  apogee.  From  the  formula  f -2g  M/r^  (Russel  et  al.,  1945)  where 
{  is  the  tidal  force,  g  is  acceleration  in  terms  of  earth’s  gravity,  M  is 
mass  in  terms  of  lunar  mass  units,  and  R  is  distance  in  terms  of  the 
minimum  earth-moon  distance,  we  can  obtain  the  ratio  of  tidal  forces  given 
in  TABLE  2  for  apogee  and  perigee  distances  today  and  for  the  geologi¬ 
cal  past. 

F.  R.  Moulton’s  (1923,  p.  457)  value  of  20  for  the  ratio  of  tidal  force 
on  the  moon  relative  to  the  earth  approximates  the  13.5:0.7  ratios  cited 
in  TABLE  2.  The  tidal  force  at  perigee  of  the  earth  on  the  moon  is  13.5 
times  greater  than  that  of  the  moon  on  the  earth;  at  apogee  the  ratio  is 
9.1.  The  difference  in  ratios  at  perigee  and  apogee  is  4.4;  therefore  if 
the  body  tide  of  the  earth  produced  by  the  moon  is  30  cm.  (Gutenbei^, 
1951,  p.  173),  then  the  difference  in  tide  height  raised  each  month  on 
the  moon  between  apogee  and  perigee  is  about  1.3  m. 

If  the  lunar  apogee-perigee  radius  were  half  the  present,  the  tidal 
force  ratios  would  be  increased  as  shown  in  table  2  with  a  tidal  dif¬ 
ference  of  10. 5m.  (based  on  an  8  X  30  cm.  body  tide  raised  on  the  earth). 
Arbitrarily  retaining  a  present  apogee-perigee  radius  difference  of  50,000 
km.  for  a  half-radius  earth-moon  model,  the  tide  raised  on  the  moon  be¬ 
tween  apogee  and  perigee  could  have  exceeded  17  m.  Because  the 

*This  paper,  Uluetrated  with  slides,  was  presented  at  a  meeting  of  the  Section  on 
November  7,  1961. 
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Table  1 

Factors  Possibly  Intensifying  Lunar  Volcanism 


Tidal  effect's  in  lunar  crust 


Extensive  fracturing  of  crust 
Cyclic  pressure  release 
Generation  of  magma 
Cyclic  temperature  drop 

Onset  of  magmatic  crystallization 
Intensification  of  the  second  boiling  point  effect 
Explosive  pressure  rise  under  crustal  plates 


Gravity  effects  in  lunar  crust 


Deeper  nucleation  of  bubbles  in  magma  column 
Slower  rise  of  bubbles 
Expansion  of  bubbles  during  rise 
Greater  viscosity  of  magma  column  top 
Enhanced  throwout  effect  during  eruption 
Rock  froths 

Greater  degree  of  subsidence  in  magma  column  after 
degassing 


Table  2 

Ratio  of  Tidal  forces 


Resulting  difference 
in  tide  height  on  moon 
between  apogee  and 
perigee  based  on  a 
30  cm.  body  tide  at 
present  on  the  earth 


Apogee-perigee  Apogee-perigee 
distance  of  distance  of 

50|  000  km*  25|  000  km* 


1 

^perigee  moon 

on  ear^ 

2 

^apogee  moon 

on  earth 

3 

^earth  on 

perigee  moon 
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moon’s  radius  of  curvature  is  almost  four  times  that  of  the  earth,  the  ten- 
dency  to  fracture  would  be  greater  even  if  the  tidal  heights  mutually 
raised  on  the  moon  and  earth  were  the  same.  Moreover,  the  rate  at  which 
fracturing  would  tend  to  occur  at  half  radius  would  approach  a  once-a- 
week  cycle  instead  of  the  present  monthly  cycle. 

Tides  of  the  magnitude  suggested  in  table  2  might  induce  pressure 
release  in  the  lunar  crust  in  two  ways:  (1)  production  of  deep-seated 
fractures,  and  (2)  movement  of  the  base  of  one  lunar  crustal  block  rela¬ 
tive  to  the  other.  As  possible  evidence  for  this  tidal  activity,  the  lunar 
crust  is  conspicuously  fractured  (B'tilow,  1957).  Both  the  effect  of  crustal 
fracturing  and  displacement  of  blocks  are  closely  related  in  time  and 
place.  In  the  first  case,  a  deep  open  fracture  induced  by  tides  would 
effect  immediate  pressure  release  at  depth,  and  molten  rock  would  rise 
possibly  to  the  surface,  assuming  conditions  of  temperature  and  pressure 
were  correct.  In  the  second  case  a  crustal  block,  because  of  density 
variations  or  prexisting  flotational  nonequilibrium  conditions,  would  sud¬ 
denly  yield  along  border  zones  of  weakness  by  earth-induced  tides  to 
produce  a  pressure  release  at  the  base  of  the  crustal  plate  in  question. 
Fracturing  would  produce  an  immediate  pressure  release  at  the  base  of 
the  crustal  plates  that  would  be  uncompensated  for  until  the  subcrustal 
material  flowed  into  the  low  pressure  zone. 

One  aspect  of  this  phenomenon  has  been  discussed  by  Yoder  (1952) 
where  melting  has  occurred  by  relief  of  a  tensile  stress  and  by  Uffen 
(1960)  where  melting  has  occurred  by  relief  of  a  compressive  stress.  The 
signi  ficant  difference  is  that  on  release  of  a  tensile  stress  the  melting 
temperature  rises  to  its  normal  temperature,  which  may  be  above  the  am¬ 
bient  temperature,  whereas  on  relief  of  a  compressive  stress  the  melting 
temperature  decreases  to  its  normal  value  which  may  be  below  the  ambient 
temperature.  In  both  cases  local  melting  may  occur.  In  the  case  of  a 
pivoted  crustal  block,  the  Yoder  mechanism  of  pressure  release  may  be 
operative  in  the  uptilted  portion  and  the  Uffen  mechanism  may  occur  in 
the  downtilted  portion  if  relief  by  fracturing  occurs  there. 

Figure  1  is  essentially  a  lunar  application  of  Yoder’s  concept.  On 
earth  we  find  that  the  melting  curve  of  basalt  has  a  lower  slope  than  on 
the  moon  because  of  the  difference  in  gravity.  If  the  geothermal  gradient 
in  the  moon  is  close  to  that  in  the  earth,  basalt  will  melt  at  a  shallower 
depth  and  at  a  lower  temperature  in  the  moon  than  in  the  earth.  Because 
of  the  steeper  lunar  melting  curve,  it  will  intersect  the  thermal  gradient 
at  a  temperature  of  1017®  C.  at  30  km.  of  depth  in  contrast  to  1117°  C.  at 
43  km.  of  depth  in  the  earth.  However,  the  assumption  of  a  heat  ther¬ 
mal  gradient  in  the  moon  equal  to  that  in  the  earth  cannot  be  defended 
without  a  better  estimate  of  the  lunar  heat  balance.  What  is  undeniable 
is  the  fact  that  a  pressure  release  per  kilometer  of  overburden  to  reach 
the  melting  point  of  basalt  would  be  less  on  the  moon  than  on  the  earth. 
As  FIGURE  1  indicates  for  the  sa.*ne  rock  column  thickness  —  10  km. 


6 


TRANSACTIONS 


TEMPERATURE  (C) 
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for  A-B  —  a  pressure  release  of  445  bars  is  required  for  a  rock  on  any 
assumed  thermal  gradient  to  reach  the  melting  curve.  The  pressure  re¬ 
lease  in  the  earth  for  a  rock  of  the  geothermal  gradient  to  reach  the  melt¬ 
ing  curve  over  the  same  rock  column  thickness  of  10  km.  (C-D)  is  2700 
bars. 

In  other  words,  because  of  the  relationship  of  the  melting  curves  of 
rocks  to  the  geothermal  gradient  on  the  moon,  one  would  need  a  smaller 
pressure  release  per  kilometer  of  overburden  to  produce  a  rock  melt. 

Following  Yoder’s  arguments,  assuming  a  pressure  release  sufficient 
to  reach  10®  C.  above  the  melting  curve  of  basalt,  one  could  melt  3  per 
cent  of  a  given  volume  of  basalt.  The  volume  increase  on  melting  basalt 
is  11.2  per  cent.  On  melting  a  plate  1  km.  thick  at  the  base  of  the  lunar 
crust  underlying  the  crater  Ptolemaeus,  for  example,  the  basaltic  magma 
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resulting  from  the  11  per  cent  volume  increase  (ca.  30  km.^)  would  be 
sufficient  to  flood  the  crater  floor.  The  depth  to  which  flooding  would 
occur  would  depend  on  one’s  assumptions  on  extent,  depth,  and  width  of 
of  feeder  fractures.  Even  for  an  extensive  fracture  system  comprising  50 
fractures  10  km.  long,  40  km.  deep,  and  1  m.  wide,  the  floor  of  Ptolemaeus 
would  be  flooded  to  a  depth  of  1  m.  by  the  30  cubic  km.  suggested. 

When  and  if  a  magma  is  produced  by  pressure  release  at  the  base  of 
the  lunar  crust,  a  phenomenon  known  as  the  second  boiling  point  may 
occur.  This  effect  is  produced  when  a  fluid  such  as  a  magma  cools  and 
crystallizes.  The  volatiles  that  are  evolved  during  this  crystallization 
may  reach  a  critical  concentration  at  a  temperature  sufficient  to  cause  a 
rapid  rise  in  pressure. 

As  Turner  and  Verhoogen  (1951,  p.  317-318)  point  out,  the  temperature 
at  which  the  maximum  pressure  occurs  will  depend  upon  the  chemical 
nature  of  the  system  and  in  some  cases  retrograde  boiling  will  not  occur. 
In  these  systems,  the  effect  of  temperature  on  the  vapor  pressure  of  the 
volatile  component  might  be  greater  than  the  effect  due  to  the  increasing 
concentration  of  volatiles  in  the  magma.  In  this  case  the  vapor  pressure 
would  fall  continuously  throughout  the  temperature  range.  On  the  other 
hand.  Turner  and  Verhoogen  continue,  the  effect  of  increasing  concentra¬ 
tion  of  volatiles  —  water  -  might  predominate  so  that  the  vapor  pressure 
would  rise  continuously  until  the  whole  amount  of  the  nonvolatile  com¬ 
ponent  has  crystallized. 

Nevertheless,  as  Verhoogen  (1949,  p.  134)  states,  conditions  obtain 
where  the  vapor  pressure  may  and  probably  does  increase.  One  such  sys¬ 
tem  that  may  occur  in  nature,  as  detailed  by  Morey  (1922,  p.  224-225),  is 
HjO  -  KjSiO^  -  Si02. 

Miyamoto(1960,  p.  3)  invokes  the  second  boiling  point  effect  to  account 
for  the  evolution  of  gases  from  the  lunar  surface,  by  cooling  of  magma 
within  the  moon.  The  gases  are  assumed  by  Miyamoto  to  occupy  or  to 
have  occupied  large  underground  caverns.  While  I  subscribe  to  the  second 
boiling  point  concept  with  the  reservations  noted  above,  I  do  not  endorse 
the  underground  cavern  concept  nor  the  entrapment  of  large  quantities  of 
gases  in  such  chambers.  The  depth  at  which  the  caverns  might  occur 
would  be  at  the  depth  at  which  magma  would  cool.  Unless  the  magma  were 
formed  extremely  close  to  the  surface,  I  believe  that  large  openings  within 
the  lunar  crust  would  be  closed  by  overburden  loading.  Furthermore,  the 
second  boiling  point  would  tend  to  promote  the  generation  of  fractures 
that  would  (1)  enhance  collapse  of  such  caverns  even  if  they  were  formed, 
and  (2)  permit  escape  of  gases  that  might  collect  there.  Normal  collapse 
mechanisms  observable  in  the  volcanic  terrains  on  earth  that  attend  magma 
withdrawal  at  depth  are  therefore  thought  to  have  been  operative  on  the 
moon. 

The  tidal  effects  that  would  tend  to  fracture  the  lunar  crust  and  pro¬ 
duce  the  magmatic  processes  suggested  above  would  be  most  effective 
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at  perigee  —  a  monthly  cycle.  On  earth,  pressure  differences  usually  take 
longer  periods  to  build  up.  Geosynclines  deform  under  sediment  loading 
over  many  millions  of  years;  erosional  processes  reduce  pressure  on 
mountain  roots  over  tens  of  millions  of  years;  and  continents  "rebound” 
as  glaciers  melt  over  many  thousands  of  years. 

The  effect  of  moon-induced  tides  in  triggering  regional  volcanism  on 
earth  over  long  time  periods  is  practically  nil.  However,  it  is  important 
to  point  out  that  in  isolated  cases  when  the  position  of  a  major  terres¬ 
trial  fracture  is  favorably  oriented  and  when  the  position  of  the  moon  is 
optimum,  tensional  forces  may  be  induced  to  trigger  terrestrial  volcanism. 
For  example,  in  the  crater  chain  dominated  by  Mount  Langila  on  the  west¬ 
ern  end  of  New  Britain  Island,  each  of  the  four  explosive  phases  of  the 
volcanoes  activity  began  during  periods  close  to  the  maximum  lunar  de¬ 
clination  when  the  north-south  tangential  forces  of  the  moon  were  at  a 
maximum.  As  the  cones  in  this  area  are  thought  to  be  controlled  by  a 
deep-seated  east-west  fracture,  the  tangential  component  of  the  tractive 
forces  of  the  moon  and  sun  reach  a  maximum  in  positions  of  extreme  de¬ 
clination  and  produce  tension  along  the  fracture.  The  resulting  relief  of 
tension  probably  aids  eruption  according  to  Taylor  et  al.  (1957)  if  condi¬ 
tions  within  the  volcano  are  close  to  critical  equilibrium. 

Ferret  (1950,  p.  129-130)  also  documents  the  effect  of  the  moon  in 
initiating  volcanic  activity  at  Stromboli,  Italy,  in  1907 

I  suggest  that  tidal  influence  on  the  moon  by  the  earth  is  and  has  been 
more  intense  than  the  trivial  effects  noted  in  promoting  activity  in  ter¬ 
restrial  volcanoes.  Many  of  the  effects  noted  result  in  recurrence  of  acti¬ 
vity  in  a  volcano  already  in  existence  or  along  fractures  of  specific 
orientation.  This  is  probably  in  contrast  to  conditions  imposed  in  the 
lunar  crust.  I  also  suggest  that  conditions  for  the  production  of  lunar 
magma  have  occurred  much  more  frequently  in  the  moon  than  in  the  earth 
over  geological  time  and,  therefore,  favorable  conditions  for  initiating 
the  second  boiling  point  were  enhanced.  If  the  second  boiling  point  does 
or  did  occur  more  frequently  on  the  moon  the  attendant  pressure  rise  would 
have  given  rise  to  both  passive  or  explosive  types  of  volcanism  de¬ 
pending  on  the  depth  and  disposition  of  the  magma  chamber,  the  type  of 
magma,  volatile  content,  and  fracture  system  associated  with  it.  As  im¬ 
plied  previously,  however,  the  occurrence  of  the  second  boiling  point  is 
not  a  requirement  for  surface  volcanicity;  the  most  important  triggering 
agent  is  the  tidal  deformation  that  would  tend  to  fracture  the  lunar  crust. 

Another  mechanism  independent  of  periodic  generation  of  magma  at 
depth  would  be  maar  type  lunar  cratering.  Maars  are  produced  by  rela¬ 
tively  near-surface  steam  effects  ranging  from  a  steam-jetting  action  ob¬ 
served  in  the  formation  of  a  Chilean  maar  to  steam  explosions  probably 
responsible  for  Ugandan  maars.  Terrestrial  features  of  this  type  are 
generally  less  than  4  km.  in  diameter.  Steam  pressures  at  the  critical  tem¬ 
perature  ranging  between  100  to  300  bars  are  common  in  volcanic  eruptions 
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Figure  2.  Relative  crater  depths  and  volumes  produced  by  steam  pressure. 

(Williams,  1954,  p.  319)  and  only  rarely  reach  above  450  bars.  The 
highest  value  recorded  of  569  bars  is  that  for  the  June  7,  1938,  Asama 
volcano  eruption  (Minikami,  1942,  p.  91).  At  the  critical  temperature  of 
water  (374.4°  C.),  the  pressure  produced  is  2.1  x  10^  kg./m.^  (figure 
2).  On  earth  this  could  lift  and  subsequently  eject  a  column  of  rocks 
some  970  m.  thick,  but  on  the  moon,  because  of  the  lesser  gravity  (and 
disregarding  the  effect  of  lack  of  air  resistance),  the  pressure  generated 
by  steam  at  the  critical  temperature  could  throw  out  a  column  of  rock  over 
5800  m.  thick. 

The  dotted  profiles  in  figure  2  indicate  the  maximum  calculated 
volume  ratio  of  lunar  maar  craters  to  terrestrial  ones  is  200:1.  There  are 
three  factors  that  would  tend  to  reduce  this  ratio:  First,  if  the  steam- 
jetting  activity  predominates  as  a  maar-producing  process  it  would  simply 
enlarge  a  single  conduit  system  albeit  from  a  greater  depth  on  the  moon. 
A  deeper  and  steeper  crater  would  be  stoped  out  there  whose  initial  pro¬ 
file  would  be  within  the  dotted  lines  of  figure  2,  perhaps  approxima¬ 
ting  the  heavy  dashed  line  profile. 

Second,  if  the  steam  explosion  mechanism  predominates,  the  ineitia 
of  a  mass  comprising  the  lunar  hemispherical  volume  over  the  few  seconds 
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of  initial  explosion  would  tend  to  channel  the  explosion  perhaps  into  a 
more  bullet-shaped  crater  as  shown  by  the  heavy  dashed  line  in  figure 
2.  No  large  mass  would  behave  homogeneously  and  zones  of  weakness 
may  define  a  pattern  suggestive  of  cone  sheets  which  do  not  follow 
hemispherical  planes  but  are  steeper. 

Third  in  contrast  to  caldera-type  craters  the  maar  type  crater  piopo- 
gates  from  a  relatively  small  energy  nucleus.  The  supply  of  super-heated 
water  to  a  relatively  small  area  imposes  a  limit  to  the  size  of  terrestrial 
maars.  On  the  moon,  an  immense  quantity  of  superheated  water  or  steam 
would  be  required  to  produce  a  crater  with  200  times  the  volume  of  a 
terrestrial  crater  by  either  the  jet  or  explosion  mechanisms  —  an  illogical 
situation.  Slumping  of  the  walls  of  a  lunar  maar  would  theoretically  have 
a  steeper  and  deeper  explosion  crater  profile  shown  by  the  light  dashed 
linesin FIGURE  2.  Throw-out  effects  have  been  disregarded  in  this  dis¬ 
cussion  but  would  have  a  tendency  to  produce  deeper  craters  on  the  moon, 
even  if  depths  of  crater  nucleation  were  the  same. 

In  so  far  as  estimating  the  proportion  of  maar  type  craters  on  the  moon 
to  the  caldera  type,  it  is  interesting  to  note  that  the  features  of  poly- 
gonalism  and  internal  volcanism  are  relatively  absent  from  terrestrial 
maars.  In  the  volcanic  field  in  the  Kazinga  channel  area  in  southwest 
Uganda,  the  outside  walls  of  maars  are  conspicuously  lacking  in  poly- 
gonalism  and  are  flat  floored,  figure  3  does  show  border  scalloping 
and  features  that  indicate  multiple  explosions  in  the  same  general  area. 
All  of  the  maars  shown  have  diameters  of  less  than  4  km.  On  the  moon, 
therefore,  one  might  predict  that  the  large  craters,  those  over  15km.,  if 
volcanic,  would  be  of  the  caldera  type,  particularly  if  they  contain  cen¬ 
tral  mountains.  A  large  proportion  of  the  smaller  craters  -  perhaps  those 
under  15  km.  —  may  be  of  the  maar  type. 

Gravity  Effects 

Combined  with  the  suggested  tidal  effects  are  the  gravity  effects 
(table  1).  Under  the  one-sixth  gravity  that  prevails  on  the  moon,  there 
would  be  a  deeper  nucleation  and  slower  rise  of  bubbles  in  a  lunar  magma 
column.  In  general,  the  upper  portion  of  this  column  would  tend  to  become 
viscous  because  of  the  abstraction  of  heat  from  the  melt  by  bubble  ex¬ 
pansion.  On  the  moon,  the  lesser  gravity  causing  slower  rise  of  gas 
bubbles  than  oh  earth  would  permit  the  growth  of  larger  bubbles  over  a 
longer  time  period  permitting  a  more  effective  heat  extraction  in  the  upper 
portions  of  the  melt  chamber  or  column.  The  resulting  higher  viscosity 
of  this  lunar  magma  “cap”  may  tend  to  produce  a  more  violent  degree 
of  volcanicity  if  a  rapid  pressure  buildup  were  to  occur  below  the  more 
viscous  portions  of  the  magma  column.  Another  factor  promoting  a  greater 
degree  of  lunar  volcanic  explosivity  is  the  greater  rate  of  bubble  ex¬ 
pansion  relative  to  rise  which  would  induce  coalescence  of  bubbles  in 
the  magma  or  lava  conduits  or  flows.  If  the  gas  pressure  of  the  bubbles 


Figure  3.  Maars  in  the  Kazinga  channel  area  in  southwest  Uganda.  Scale 
approximately  1:  32,000.  (Photo  courtesy  of  Directorate  of  Lands  and  Surveys, 
Entebbe,  Uganda,  East  Africa). 

is  high,  an  explosive  Plinean  emption  will  ensue;  if  low,  a nuees ardentes 
flow  of  the  Pelean  variety  may  occur.  The  lack  of  atmosphere  would 
promote  a  more  extensive  throw-out  of  material  because  of  the  absence 
of  air  resistance.  The  lesser  gravity  would  also  add  to  the  increased 
throw-out  effects.  Finally,  crater  for  crater  the  degassing  of  a  longer  bub¬ 
ble  entrained  magma  column  on  the  moon  would  tend  to  produce  a  greater 
degree  of  subsidence  on  the  moon  than  on  the  earth. 

Thermal  Sources 

The  temperature  in  the  moon  will  probably  increase  with  depth  to 
varying  degrees  dependingon  what  it  is  made  of  and  how  it  was  formed. 
On  earth,  heat  sources  is  the  crust  may  be  a  result  of:  (1)  radioactive 
decay;  (2)  tidal  heat;  and  (3)  “primitive”  heat  arising  from  the  original 
compression  of  the  protoplanet;  (4)  pressure;  and  (5)  crystallization  of 
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rock  melts.  On  earth,  factors  1  to  3  appear  to  be  primary  heat  sources 
and  4  and  5  are  secondary.  These  parameters  may  be  evaluated  for  the 
moon,  taking  into  accounts  its  lesser  gravity  and  smaller  size  that  quali¬ 
tatively  minimizes  items  2  and  3  listed  above.  The  lesser  gravity  would 
reduce  pressures  by  one-sixth  and  the  smaller  size  would  have  acceler¬ 
ated  radiative  cooling  from  the  primitive  condensation  phase. 

A  minor  source  of  lunar  heat  would  be  that  of  factor  5  or  that  created 
by  meteoritic  impact,  not  listed  above.  This  leaves  items  1  and  2  as 
major  sources  of  lunar  heat.  Zotov  (1960)  believes  that  tidal  heat  is  one 
of  the  dominant  heat  sources  in  the  earth  with  the  source  of  energy  repre¬ 
sented  by  the  moon  orbiting  at  a  lesser  radius  than  it  now  has.  A  critique 
of  Zotov’s  hypothesis  by  Y.  Lyustikh  and  V.  Magnitskiy  indicates  that 
large  uncertainties  exist.  It  is  my  opinion,  however,  that  the  effect  may 
be  important  in  calculating  the  heat  budget  of  the  moon,  assuming  the 
moon  once  rotated  as  it  revolved.  Earth  tides  slowing  the  lunar  period  of 
rotation  to  a  month  would  have  resulted  in  the  dissipation  of  large  amounts 
of  heat  that  may  have  contributed  to  volcanicity  in  the  geological  past . 
However ,  this  assumption  may  not  be  necessary  to  invoke  if  it  can  be 
established  that  radioactive  heating  is  sufficient  to  induce  volcanicity. 

Internal  heat  produced  by  the  radioactive  decay  of  uranium,  thorium, 
potassium,  and  rubidium  would  be  at  least  an  order  of  magnitude  greater 
from  volcanic  rocks  than  from  stony  meteorites  as  the  abundance  data  in 
TABLE  3  indicates.  One  can  calculate  that  a  thermally  insulated  silicic 
rock  with  the  quantities  of  the  radioactive  elements  shown  will  heat  up 
some  40®  C.  in  one  million  years;  a  basalt  will  heat  up  6°  C.  During  the 
same  time  period,  an  insulated  stony  meteorite  with  the  abundances  shown 
would  heat  up  less  than  0.5°  C.  The  table  also  indicates  the  heat  rise 
per  million  years  in  these  insulated  rock  types  three  billion  years  ago 
when  potassium  was  much  more  abundant.  Again,  chondrites  would  heat 
up  a  degree  or  so  in  contrast  to  the  volcanic  rock  types.  If  we  were  to 
extrapolate  the  table  back  to  the  period  of  the  origin  of  the  moon,  perhaps 
some  4.5  billion  years  ago,  we  could  list  the  now  extinct  radioactive 
nuclide  iodine  129  of  a  17  million  year  halflife.  The  presence  of  this 
nuclide  was  established  by  the  discovery  of  xenon  129  in  the  Richardton 
chondrite  by  Reynolds  (1960).  Other  now  extinct  radionuclides  may  have 
been  present  when  the  moon  was  formed  that  could  have  provided  addi¬ 
tional  heat  sources  for  intense  defluidization  and  volcanism  during  the 
moon’s  early  history. 

The  heat  balance  of  the  moon  has  been  discussed  by  Urey  (1955, 1956). 
On  the  basis  of  the  heat  evolved  by  the  rock  types  noted  above,  one  can 
say  that  widely  different  values  for  the  rate  of  cooling  of  the  moon  can 
be  proposed  depending  upon  the  lithology  assumed  for  the  lunar  crust 
and  mantle.  A  silicic  crust  could  evolve  as  much  as  100  times  as  much 
heat  as  a  chondritic  crust.  The  average  heat  production  of  a  chondritic 
moon  is  2.3  x  10’^  calories/sq.cm./sec.  (Jaeger,  1959).  On  this  basis. 
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and  assuming  a  conductivity  of  2  x  10'*,  the  subsurface  temperature  is 
calculated  to  be  3°  C.  F'remlin  (1959),  however,  points  out  that  this  cal¬ 
culation  must  be  in  error  inasmuch  as  the  eruption  observed  by  Kozyrev 
(1959),  if  volcanic,  could  not  then  have  occurred.  Thus  the  assumption 
that  the  moon’s  surface  is  chondritic  is  thought  to  be  incorrect  because 
chondrites  cannot  supply  the  amount  of  heat  necessary  to  induce  vol- 
canism. 
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Introduction 

The  most  striking  feature  of  antibody-antigen  reactions  is  their  specif¬ 
icity,  and  in  this  respect  they  are  similar  to  enzyme-substrate  associa¬ 
tions.*  In  spite  of  the  many  efforts  made  to  understand  the  detailed 
mechanism  of  the  latter  reactions,*  the  exact  nature  of  the  forces  and  of 
the  conformational  requirements  underlying  the  primary  step  leading  to  the 
formation  of  enzyme-substrate  complexes  has,  as  yet,  not  been  established. 
This  is  primarily  due  to  the  fact  that  the  factors  determining  this  step 
are  usually  obscured  by  fast  secondary  processes  resulting  in  the  chemi¬ 
cal  modification  of  the  substrate.  In  contrast,  antibody-antigen  reactions 
are  simpler,  involving  only  the  union  of  the  two  reaction  partners,  and 
therefore,  one  might  hope  to  be  able  to  establish  the  mechanism  of  these 
reactions  from  a  study  of  their  kinetics.  Moreover,  the  conclusions  de¬ 
rived  from  such  studies  might  also  apply  to  the  mechanism  involved  in 
the  primary  interaction  of  enzymes  with  their  substrates. 

A  few  studies  of  the  speed  of  antibody-antigen  associations  have  been 
reported.*'’  However,  in  all  of  these  investigations  the  antigens  used 
were  complex  biological  macromolecules  possessing  determinant  groups 
of  unknown  structure.  In  addition,  the  kinetics  of  the  primary  step  in 
most  of  these  systems  were  obscured  by  secondary  reactions  leading  to 
the  formation  of  aggregates  of  different  size.  To  avoid  these  complica¬ 
tions  an  attempt  was  made  in  thepresent  study  to  investigate  the  kinetics 
between  well-defined,  univalent  haptens  and  their  homologous  rabbit 
antibodies.  With  such  systems  only  the  soluble  bimolecular  and  termole- 
cular  complexes,  AbH  and  AbH^,  can  be  formed  (where  Ab  and  H  represent 
the  antibody  and  hapten  molecules,  respectively).  Furthermore,  on  the 
assumption  that  the  two  active  sites  of  an  antibody  molecule  react  inde¬ 
pendently  of  each  other,  and  neglecting  any  effects  due  to  the  hetero¬ 
geneity  of  antibodies,*®  the  rate  constants  of  the  reactions  Ab  *  H  ~*AbH 
and  AbH  +  H  ~*AbHt  may  be  considered  to  be  identical. 

On  the  basis  of  the  kinetic  studies  referred  to  above,  it  was  sus¬ 
pected  that  these  reactions  were  fast  and,  therefore,  it  was  decided  to 

*This  paper,  illustrated  with  slides,  was  presented  at  a  meeUng  of  the  Section  on 
October  3;  1961. 
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the  National  Research  Council  of  Canada,  Ottawa,  Ont.,  Canada. 
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resort  to  a  sensitive  physical  method  capable  of  measuring  changes  in 
the  concentration  of  the  unbound  hapten  in  the  micromolar  range  over 
short  intervals  of  time.  Cathode-ray  polarography  seemed  to  satisfy 
these  requirements  and  was  chosen  for  the  present  study,  particularly 
since  Breyer  and  Radcliff“  had  previously  shown  that  the  extent  of 
the  association  between  protein-azo-hapten  conjugates  and  antibodies 
homologous  to  the  hapten  could  be  measured  by  conventional  polarographic 
methods.  The  hapten  employed  in  the  present  investigation  was  p-(p- 
aminophenylazo)-phenylarsonic  acid  (hereafter  referred  to  as  R°),  the 
azo  group  of  which  is  readily  reducible  at  the  dropping  mercury  electrode. 
To  establish  the  usefulness  of  cathode- ray  polarography  for  the  study  of 
appropriate  antibody-hapten  reactions,  the  results  obtained  by  this  method 
were  compared  with  those  obtained  by  equilibrium  dialysis,  the  method 
commonly  used  to  study  these  reactions. 

Experim&ntal  Procedure 

Materials.  Antibodies  to  R°  were  produced  by  the  immunization  of 
rabbits  with  R®-azo-bovine  gamma-globulin  conjugates.  Gamma-globin 
fractions  containing  the  antibodies  were  isolated  from  pools  of  antisera 
according  to  the  method  of  Marrack  et  al.^*  and  were  used  in  all  experi¬ 
ments.  The  compound  R®*  was  purified  by  crystallization  of  the  hydro¬ 
chloride  in  ethanol  solution.  All  solutions  used  in  this  study  were  made 
up  in  borate  buffer,  pH  8.0  and  fj.  -  0.15. 

Apparatus  and  methods.  The  cathode-ray  polarograph  was  similar  to 
that  designed  by  Snowden  and  Page*’  and  was  modified  to  operate  in  con¬ 
junction  with  an  electromechanical  device  for  knocking  the  mercury  drops 
off  the  electrode  at  predetermined  intervals  of  time.  For  this  study,  the 
voltage  sweep  was  made  to  occur  within  0.1  sec.  For  the  kinetic  studies 
measurements  were  made  at  one  second  intervals,  and  at  5  to  6  sec.  in¬ 
tervals  in  the  equilibrium  experiments.  The  results  of  each  measurement 
were  presented  on  the  screen  of  the  cathode-ray  tube  and  could  be  re¬ 
corded  photographically.  Some  typical  polarographic  patterns  obtained 
with  an  antibody  solution  in  the  absence  and  presence  of  R®  are  shown 
in  FIGURE  1.  The  height  of  the  peak  in  the  pattern  on  the  right  corre¬ 
sponds  to  the  amount  of  hapten  available  for  reduction.  The  peak  height 
for  a  given  quiescent  solution  containing  the  antibody  and  the  hapten 
R®  varied  within  less  an  ±  2  per  cent  of  the  average  value  obtained  in 
successive  readings.  However,  when  the  solutions  were  being  stirred, 
the  variations  in  peak  height  were  as  large  as  ±  8  per  cent. 

The  polarographic  cell  consisted  of  a  specimen  vial  (13  mm.  i.d.  and 
60  mm.  high)  which  was  immersed  in  a  thermostat  maintained  at  20  ± 
0.1®  C.  Volumes  of  1  to  2  ml.  of  the  antibody  solution  (about  10  *  M  with 
respect  to  antibody  sites)  were  used  for  each  experiment.  The  nonpolariz- 


*Obtaine<l  from  Aldrich  and  Co.,  Milwaukee,  Wis. 
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Figure  1.  Polarographic  patterns  for  an  antibody  solution  in  the  absence 
(left)  and  in  the  presence  (right)  of  the  reducible  hapten,  p-(p-aii)inophenylazo)- 
phenylarsonic  acid.  Reduction  occurs  at  a  potential  of  about  -0.5  v  with  respect 
to  the  saturated  calomel  electrode. 

able  anode  was  a  silver  wire  encased  in  a  polyethylene  tube  (1,5  mm. 
i.d.)  filled  with  25  per  cent  KCl,  and  was  separated  from  the  protein 
solution  by  an  agar  gel  plug.  Protein  solutions  were  deoxygenated  in  the 
cell  by  passing  a  gentle  stream  of  purified  nitrogen  over  their  surface 
for  10  to  15  min.  and  by  simultaneously  stirring  with  a  magnetic  stirrer. 
During  the  course  of  an  experiment,  a  very  slow  stream  of  nitrogen  was 
passed  over  the  solution.  The  deoxygenated  hapten  solutions  were  added 
in  microliter  quantities  to  the  antibody  sample  with  an  “Agla”  micro¬ 
meter  syringe.* 

For  equilibrium  studies  binding  curves  were  obtained  by  adding  a 
10'^  M  solution  of  R°  to  the  antibody  solution  in  increments  of  micro¬ 
liters  and  measuring  the  peak  height  30  to  60  sec.  after  mixing,  at  which 
time  the  solutions  had  become  quiescent.  Calibration  curves  for  the  peak 
height  as  a  function  of  the  concentration  of  R°  were  obtained  with  solu¬ 
tions  of  R°  in  the  presence  of  the  antibody  and  of  the  nonreducible  hap¬ 
ten,  benzenearsonic  acid.  The  latter  compound  was  added  in  about  a 
2000-fold  excess  with  respect  to  the  concentration  of  antibody  sites  and, 
when  used  in  such  high  concentrations,  was  shown  to  be  an  effective 
inhibitor  of  the  reaction  between  R°  and  the  homologous  antibodies. 
Using  this  procedure  it  was  possible  to  obtain  calibration  curves  under 
conditions  where  only  a  negligible  amount  of  the  reducible  hapten,  not 
larger  than  2  per  cent,  was  specifically  bound  by  the  antibodies. 

In  experiments  intended  for  the  determination  of  the  rates  of  hapten- 
antibody  interactions,  the  hapten  solutions  were  added  to  the  antibody 
solution,  which  was  continuously  being  stirred.  Measurements  of  the  peak 
heights  were  made  at  intervals  of  one  second  as  soon  as  possible  after 


*Manufactured  by  Burroughs  WeUcome  and  Co.,  London,  England. 
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the  addition  of  the  hapten  solutions.  The  first  reading  was  estimated  to 
have  been  made  within  1  to  2  sec.  after  the  addition  of  the  hapten. 

For  equilibrium  dialysis  experiments,  cells  similar  to  those  designed 
by  Karush“  were  used.  Control  experiments  with  normal  rabbit  gamma¬ 
globulins  were  performed  to  determine  the  amount  of  hapten  bound  non- 
specifically  by  the  protein  and  by  the  cellulose  membrane.  The  concen¬ 
trations  of  unbound  hapten  were  determined  spectrophotometrically  at 
387  m/x. 

Results  and  Discussion 

Typical  binding  and  calibration  curves  obtained  with  the  polarographic 
method  are  shown  in  figure  2.  The  peak  heights  used  for  plotting  the 
binding  curves  were  measured  30  to  60  sec.  after  the  addition  of  each 


Figure  2.  The  upper  line  represents  the  calibration  curve  for  the  reducible 
hapten  R  obtained  with  the  antibody  solution  in  the  presence  of  an  excess  of 
the  nonreducible  inhibitor,  benzenearsonic  acid.  The  lower  continuous  line  repre¬ 
sents  the  binding  curve  for  R  ®  obtained  in  the  absence  of  the  inhibitor. 

increment  of  the  hapten  solution.  They  remained  constant  within  the  ex¬ 
perimental  error  of  ±  2  per  cent  and,  therefore,  may  be  considered  to  repre¬ 
sent  equilibrium  values.  The  precision  of  the  experimental  procedure 
employed  was  demonstrated  by  the  fact  that  the  various  curves  obtained 
from  duplicate  experiments  were  closely  superimposable.  The  concen¬ 
trations  of  the  free  and  bound  hapten  calculated  from  the  polarographic 
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data,  or  determined  spectrophotometrically  from  equilibrium  dialysis  ex¬ 
periments,  were  used  in  conjunction  with  the  equation*^* 

1  = _ 1 _  +  — i_ 

b  c[a6]k  [a6] 

for  the  calculation  of  the  concentration  of  the  antibody  sites,  [AbJ  ,  and 
of  the  intrinsic  equilibrium  constant,  K,  In  this  equation  b  and  c  repre¬ 
sent  the  concentrations  of  the  bound  and  free  hapten,  respectively. 

An  “inhibition-titration”  curve  obtained  by  the  addition  of  portions  of 
a  0.5  M  solution  of  benzenearsonic  acid  to  an  equilibrated  solution  of 
antibody  and  R®  is  also  shown  in  figure  2.  This  curve  represents  the 
amounts  of  the  reducible  hapten  R  °  replaced  at  the  antibody  site  by 
benzeneaTsonic  acid  on  the  addition  of  increasing  amounts  of  this  non¬ 
reducible  hapten.  As  can  be  seen,  the  amount  of  the  reducible  hapten 
bound  decreased  on  increasing  the  concentration  of  benzenearsonic  acid. 
With  the  highest  concentrations  of  benzenearsonic  acid  used,  the  peak 
height  due  to  R°  reached  the  value  corresponding  to  that  given  by  the 
solutions  employed  for  obtaining  the  calibration  curve.  These  results 
support  the  view  that  antibody-hapten  reactions  are  reversible. 

The  plots  for  the  polarographic  and  equilibrium  dialysis  data  obtained 
from  parallel  experiments  are  represented  in  figure  3.  As  can  be  seen 


Figure  3.  Comparison  of  the  data  for  the  extent  of  binding  obtained  by 
polarography  and  equilibrium  dialysis. 

♦This  equation  is  only  applicable  to  systems  in  which  all  of  the  antibodies  have  the 
same  affinity  for  the  hapten.  The  Justification  for  using  this  equation  is  that  no  obvious 
heterogeneity  was  detected  with  the  antibody  preparation  used  in  the  experiments  re¬ 
ported  here. 
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in  this  figure,  both  the  intrinsic  equilibrium  constant  and  the  concentra¬ 
tion  of  antibody  sites  calculated  from  the  polarographic  experiments  were 
somewhat  lower  than  the  corresponding  values  computed  from  the  equili¬ 
brium  dialysis  experiments.  In  spite  of  the  discrepancy  between  the 
results  obtained  by  the  two  methods,*  it  is  evident  that  the  polarographic 
method  is  capable  of  measuring  the  specific  binding  between  the  antibody 
and  hapten.  Therefore,  it  was  felt  that  it  was  justifiable  to  use  this 
method  in  kinetic  experiments. 

In  experiments  designed  to  study  the  rate  of  the  forward  step  in  the 
reaction 

Ab+R°  %  Ab  -R“  (1) 

k 

T 

an  aliquot  of  R°  was  rapidly  added  to  the  antibody  solution  and  the  peak 
height  was  observed.  The  final  concentrations  of  both  antibody  and  hap¬ 
ten  were  about  10  ®  M  in  these  experiments.  After  the  time  of  mixing, 
that  is,  after  1  to  2  sec.,  there  was  no  detectable  trend  in  the  peak  height 
with  time.  Thus^  within  experimental  error,  the  association  reaction  be¬ 
tween  antibody  and  hapten  reached  completion  within  this  time  interval 
and,  therefore,  the  rate  constant,  kp  could  not  be  evaluated  directly. 
However,  since  the  intrinsic  equilibrium  constant  for  the  antibody-hapten 
reaction,  determined  here  as  ~  10®  M  *,  is  equal  to  the  ratio  of  the  two 
rate  constants  in  reaction  (1),  that  is,  to  is  possible  to  evaluate 

kf  by  first  determining  k^.  For  this  purpose,  the  fact  that  R°  was  re¬ 
leased  from  the  antibody  site  by  the  addition  of  suitable  amounts  of  ben- 
zenearsonic  acid  (BAA)  was  exploited  on  the  basis  of  the  following  two 
assumptions: 

(1)  The  over-all  substitution  reaction 

Ab-R°  +  BAA  -Ab-BAA  +  R® 

is  a  two-step  process  consisting  of  the  slow,  first-order,  dissociation 
reaction 

Ab-R°*^Ab+R®  (!’) 

that  is  followed  by  the  rapid  reaction 

Ab+BAA^l.  Ab-BAA  (2) 

(2)  The  rate  constants  for  the  reaction  between  the  antibody  mole¬ 
cules  and  R°  on  the  one  hand,  and  BAA  on  the  other,  are  of  the  same 
order  of  magnitude  (that  is,  kfT^kf')’ 

*Thi8  discrepancy  might  be  due  to  the  reduction  or  to  the  dissociation  of  some  of  the 
antibody-R^  complexes  at  the  electrode  surface. 
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If  these  assumptions  are  correct,  then,  on  the  addition  of  sufficiently 
large  amounts  of  BAA  to  an  equilibrated  solution  of  antibody  and  R®,  the 
increase  in  peak  height  with  time  would  represent  the  rate  of  the  disso¬ 
ciation  step  (1’).  In  accordance  with  the  above  scheme,  experiments  to 
determine  the  value  of  were  performed  by  adding  microliter  volumes  of 
a  0.5  Af  solution  of  BAA  to  solutions  of  antibody  and  R®.  The  final  ratios 
of  BAA  to  R®  used  varied  from  25  to  1000.  In  each  case  the  peak  height 
due  to  R®  increased  within  the  time  necessary  to  make  the  first  obser¬ 
vation  after  the  addition  of  BAA,  and,  within  experimental  enor,  further 
changes  in  its  value  could  not  be  detected  for  periods  of  time  as  long  as 
half  an  hour.  Thus,  the  dissociation  reaction,  like  the  association  pro¬ 
cess,  was  completed  within  1  to  2  sec. 

Although  the  dissociation  reaction  was  too  rapid  for  the  precise  de¬ 
termination  of  its  rate,  a  lower  limit  for  could  be  calculated  with  the 
aid  of  the  standard  expression,  k  =  .  i  is  taken  as  1  sec.,  it 

follows  that  Aj.  must  be  larger  than  1  sec.'^.  Using  this  estimate  together 
with  the  value  for  the  intrinsic  equilibrium  constant,  the  minimum  value 
for  k^  was  calculated  as  10®  .^/mole/sec.  It  is  interesting  to  note  that 
this  value  for  k^  compares  favorably  with  the  rate  constants  determined 
for  some  catalase-peroxide  associations.*®  and  for  some  protein-dye  in¬ 
teractions  studied  recently  with  the  temperature-jump  method.*®  * 

On  the  basis  of  the  theory  of  diffusion-controlled,  bimolecular  reac¬ 
tions  in  solution,  the  maximum  value  for  k^  can  be  estimated  to  be  of 
the  order  of  10*°^/mole/sec.  However,  because  of  steric  factors  and  the 
electrostatic  repulsion  between  the  negatively  charged  antibody  and  the 
negatively  charged  hapten,  it  is  likely  that  the  actual  value  of  kf  is 
smaller  than  this  maximum  value  by  a  factor  of  at  least  10^.  Therefore, 
one  may  reasonably  suggest  that  the  true  value  for  kf  is  of  the  order  of 
10®-10®  1/mole/sec. 
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DIVISION  OF  ANTHROPOLOGY 

A  NEW  LOOK  AT  THE  EVOLUTION  OF  THE  PRIMATES* 

John  Buettner-Janusch 
Yale  University,  New  Haven,  Conn. 

I  propose  to  discuss  and  describe  some  of  the  general  trends  that  I 
think  we  can  attribute  to  that  personally  most  interesting  of  the  orders  of 
Mammals,  the  Primates.  I  base  these  generalizations  on  the  work  I  have 
been  doing  in  certain  specific  areas  andupon  some  extremely  clever  work 
by  some  of  my  colleagues.  There  are  four  principal  areas  from  which  I 
shall  draw  material:  (1)  a  study  of  Primate  chromosomes,  both  number  and 
karyotype;  (2)  a  study  of  the  hemoglobins  and  those  serum  proteins  that 
are  controlled  by  precisely  known  genetic  mechanisms;  (3)  recent  work 
on  the  comparative  behavior  of  various  Primates;  and  (4)  general  compar¬ 
isons  among  various  mammals. 

Why  a  new  look  at  the  Primates?  Anthropologists  and  their  associates 
have  been  worrying  about  the  Primates  for  generations.  One  would  expect 
that  a  truly  worthwhile  body  of  information  would  be  on  hand.  Unfortunate¬ 
ly,  it  is  difficult  to  decide  whether  this  is  the  case  or  not.  Problems  of 
nomenclature,  anthroprocentric  approaches,  and  confusion  in  descrip¬ 
tions  of  the  various  Primates  have  muddles  research.lt  has  been  difficult 
to  make  efficient  use  of  the  data  that  have  been  collected.Even  now  we 
find  it  is  not  possible  to  correlate  our  data  from  lemur  chromosomes  and 
hemoglobines,  for  example,  with  the  various  descriptions  of  the  animals 
in  the  literature.  Our  data  simply  do  not  allow  for  the  classifications 
made  in  the  past. 

Another  important  reason  for  looking  anew  at  the  Primates  and  their 
evolution  is  the  invalidity  of  a  commonly  accepted  point  of  view  about  the 
general  nature  of  Primate  evolution.  We  read  in  many  elementary  texts  in 
zoology  and  anthropology  that  the  Primates  are  a  primitive,  unspecialized, 
generalized  order  with  no  unique  trends  obvious  in  their  development.  I 
overstate  this  view  perhaps,  but  I  do  so  with  intent  I  consider  this  to  be 
a  most  reprehensible  block  to  clear  thought  about  evolution  in  this  order. 
This  view  can  be  attributed  originally,  perhaps,  to  Earnest  A.  Hooton.  How¬ 
ever,  the  erroneous  implications  and  connotations  which  this  view  has  de¬ 
veloped  are  most  decidedly  not  his  responsibility.  For  Hooton,  I  think,  this 
was  an  heuristic  device  in  order  to  throw  particular  trends  into  dramatic 
highlight.  It  has  become,  however,  a  slogan  —  man  and  the  Primates  are 
primitive  and  generalized  and  this  primitiveness  and  generality  are  the  rea¬ 
sons  for  their  great  adaptability.  My  objection  may  be  largely  on  semantic 
grounds.  Nevertheless,  to  emphasize  thatpentadactyly  and  relatively  prim - 
itive  prehensility  indicate  man  and  his  fellow  Primates  are  primitive  and 

•This  pit>er.  Illustrated  with  slides,  was  presented  at  a  meeting  of  the  Division  on 
October  23,  1961. 
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unsped alized  is  to  express  a  most  inadequate  view  of  what  evolution  is 
all  about. 

The  development  of  simple  techniques  for  the  culture  of  mammalian 
cells  has  made  possible  rapid  advances  in  the  study  of  chromosomes  and 
karyotypes  of  a  large  variety  of  animals.  The  classic  diploid  number  of 
man,  for  example,  was  held  to  be  48.  In  the  past  5  years  it  has  become 
quite  clear  that  this  number  is  46,  and  deviations  from  it  are  usually  found 
in  individuals  with  serious  abnormalities.  One  of  the  most  startling  and 
suggestive  aspects  of  the  recent  work  on  human  chromosomes,  in  cultures 
of  skin  and  peripheral  blood,  is  the  relation  that  apparently  exists  between 
aberrations  in  either  the  number  or  the  morphology  of  chromosomes  and 
certain  severe  congenital  disorders. 

I  shall  review,  by  taxonomic  categories,  some  of  the  results  of  the 
most  recent  work  on  Primate  chromosomes.  Tupaia  glis  and  Urogale 
everetti  of  the  Tupaiioidea,  the  Malayan  and  Philippine  tree  shrews,  re¬ 
spectively,  have  been  studied.  Chromosome  counts  indicate  some  con¬ 
siderable  difference  between  these  two  animals,  the  former  has  a  diploid 
number  of  60,  the  latter  44.  Since  we  believe  that  the  Tupaiioidea  are  di¬ 
rectly  derived  from  the  Insectivora,  it  is  likely  that  this  variability  may 
be  part  of  their  heritage,  since  the  Insectivora  show  much  variation. 

Perhaps  the  most  interesting  phenomen  we  have  run  into  in  our  cytolo- 
gical  studies  is  the  great  variability  of  the  chromosmes  among  the  Mada¬ 
gascar  lemurs.  Their  numbers  range  from  2n  =  44  to  2n  =  66,  and  we  have 
yet  to  study  any  of  the  Indridae,  Daubentonidae,  or  Cheirogalinae.  The 
variability  we  find  in  these  animals  may  be  related  to  the  ecological  vari- 
action  that  seems  to  have  been  true  of  the  Island  of  Madagascar.  Rand’s 
study^  of  the  birds  of  this  island  leads  one  to  believe  that  the  various 
pluvial  periods  isolated  a  number  of  ecozones  on  the  island  and  caused 
a  great  diversity  among  the  birds.  A  similar  diversity  is  apparent  among 
lemurs.  The  implication  of  the  demonstration  by  Chu’  of  various  karyo¬ 
types  and  numbers  of  Lemur  chromosomes  are  too  special  to  be  discussed 
in  this  general  paper,  but  one  comment  is  worth  making:  it  is  likely  that 
Milne-Edwards  and  Grandidier*  were  entirely  correct  in  their  original 
classification  of  lemurs,  while  Schwarz^  and  his  predecessor  Fosyth- 
Major’  were  completely  mistaken. 

The  Lorisformes  show  only  one  spectacular  difference  in  chromosomes, 
which  leads  to  some  new  ideas  about  their  classification.  The  small  Ga¬ 
lago  senegalensis  has  a  diploid  number  of  38,  while  the  large  G.  crassi- 
caudatus  has  60.  This  difference  is  reflected  in  the  histochemistry  and 
cytomorphology  of  the  skin  (William  L. Montagna,  private  communication). 
Our  work  on  the  serun  proteins  and  hemoglobins  also  indicates  major 
differences  between  these  two. 

Among  the  Cercopithecoidea  the  most  interesting  feature  is  the  magic 
number  6.  At  present  the  chromosome  numbers  range  from  2n  =  42  to  2n  = 
72.  All  of  the  intermediate  numbers  differ  from  the  preceding  and  sue- 
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ceeding  number  by  6  chromosomes.  Thus  the  numbers  go  42,  48,  54,  60, 
66,  72.  The  meaning  of  this  progression  is  not  clear  yet,  and  it  is  the 
object  of  considerable  study  at  present.  It  is  true  that  not  all  the  Cer- 
copithecoidea  fit  this  progression,  but  the  genera  Papio,  Macaca,  and 
Cetcopithecus  do.  The  presumption  today  is  that  the  genus  Papio  is  the 
most  advanced,  while  Cercopithecus  is  the  least. 

The  great  apes  have  several  chromosome  numbers,  and  variations  in 
karyotype.  Since  the  data  are  not  piblished  yet,  it  would  be  premature  to 
discuss  them  in  detail  here.  Suffice  to  say,  there  are  problems  in  relating 
the  details  of  the  ape  karyotypes  to  those  of  man,  although  some  striking 
resemblances  as  well  as  differences  exist. 

It  is  apparent  that  no  hybrid  exists,  or  probably  occurs,  within  Primates 
when  the  animals  involved  have  different  chromosome  numbers.  A  close 
examination  of  the  literature  indicates  that  no  true  interchromosome  hybrid 
stands  up  to  close  investigation,  and  those  cases  of  intergeneric  or  inter¬ 
specific  hybridization  that  can  be  verified  were  between  animals  with 
identical  chromosome  numbers.  That  evolution  of  the  chromosomes  has 
not  ceased  is  shown  by  the  variations  which  we  see  in  man.  Whether 
similar  variations  occur  in  the  infrahuman  Primates  has  to  be  demonstra¬ 
ted.  The  XO  and  XXY  of  the  mouse*  and  the  XXY  of  the  tortoise  shell 
car  indicate  that  diromosomal  variations  continue  to  occur  in  mammals. 

The  second  major  topic  I  propose  to  discuss  concerns  the  hemoglobins 
and  serum  proteins.  The  most  significant  discovery  we  have  made  in  ana¬ 
lyzing  the  hemoglobins  of  the  Primates  is  that  there  is  a  distinct  differ¬ 
ence  between  the  respiratory  pigment  of  the  prosimians  and  that  of  the 
Anthropoidea.  The  hemoglobin  of  every  adult  prosimian  we  have  tested 
has  a  major  portion  of  it  in  an  alkali-resistant  form.  In  man,  from  whom 
most  of  our  knowledge  of  the  hemoglobin  molecule  comes,  the  alkali- 
resistant  pigment  is  strictly  a  fetal  pigment.  This  should  not,  I  hope,  be 
read  as  implying  that  the  prosimian  alkali-resistant  hemoglobin  is  the 
persistence  of  a  fetal  character.  The  structure  of  this  alkali-resistant 
prosimian  hemoglobin  is  not  presently  known.  However,  the  fact  that  all 
adult  pigment  exists  in  two  forms  is  significant.  We  can  separate  at  least 
two  hemoglobins  from  each  of  these  animals  by  starch-gel  electrophoresis. 

Several  things  are  noteworthy  about  our  data.  First,  the  insectivores 
(Elephantulus  sp.  for  example)  studied  have  an  insignificant  amount  of  the 
alkali-resistant  pigment.  Second,  the  small  galago  had  a  very  low  amount, 
as  did  Tupaia.  The  lemurs  seem  to  have  the  greatest  amount.  The  level 
of  this  alkali-resistant  pigment  is  very  hi^  in  the  fetal  macaque,  but  not 
in  adult  macaques.  The  hemoglobin  from  two  90-d^  fetuses,  normal  term 
168  days,  contained  up  to  85  per  cent  alkali-resistant  hemoglobin.  The 
14-day-old  macaque  tested  had  about  50  per  cent  while  adults  had  none. 
This  parallels  the  situation  for  man.  In  addition,  no  alkali-resistant  pig¬ 
ment  has  been  found  among  the  juveniles  or  adults  of  any  of  our  Cerco- 
pithecoidea.  Details  of  the  structure  of  hemoglobin  may  clarify  the  nature 
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of  this  alkali-resistant  pigment.  In  man,  fetal  hemoglobin  has  two  poly¬ 
peptide  chains  that  are  sufficiently  different  from  the  analogous  two  in 
normal  adult  A  hemoglobin  to  warrant  labeling  them  **gamma”  instead  of 
“beta”  chains. 

As  far  as  we  know  today,  the  alkali-resistant  property  lies  in  this  gamma 
chain.  Ingram'  points  out  that  it  is  not  yet  possible  to  attribute  the  alkali- 
resistant  property  to  any  characteristic  of  the  molecule.  In  other  vertebrate 
orders  the  hemoglobin,  or  other  respiratory  pigment,  appears  in  different 
forms  consequent  to  differend  demands  made  upon  the  organism.  It  is  not 
beyond  reasonable  speculation  to  suggest  that  the  extremely  active,  arbo¬ 
real  prosimians  may  find  it  iseful  to  have  some  hemoglobin  in  a  structural 
form  that  releases  oxygen  more  rapidly  than  the  normal  A  form.  Converse¬ 
ly,  it  may  be  that  the  more  complex  nervous  systems  of  the  Anthropoidea 
require  such  a  rich  and  constant  oxygen  supply  that  deviations  from  the 
normal  A  structure  are  disadvantageous,  itiless  special  circumstances 
occur.  These  speculations  are,  I  warn  you,  quite  unproved. 

A  subsidiary  finding  in  our  laboratory  may  support  this  view.  After  scan¬ 
ning  hundreds  of  macaque  hemoglobins  we  felt  this  was  one  of  the  dullest 
of  the  animals  with  which  to  work.  We  never  found,  upon  electrophoresis, 
more  than  the  two  “normal”  bands  that  have  been  reported  by  others. 
Usually  we  found  no  variation.  This  was  confirmed  in  another  laboratory 
(R.Owen,  private  communication).  However,  Gertrude  van  Wagenen  presented 
us  with  some  blood  from  her  inbred  macaque  colony.  Samples  taken  from  a 
highly  inbred  sibship  proved  to  have  multiple  hemoglobin  bands  when 
tested  by  starch-gel  electrophoresis.  A  similar  discovery  was  made  among 
some  samples  from  a  moderately  inbred  South  African  baboon  colony.  The 
implication  is,  I  think,  that  animals  which  must  survive  in  the  fierce  life 
of  the  jungle  or  the  plains  cannot  survive  if  the  hemoglobin  is  not  all  or 
largely  in  the  efficient  A  form.  However,  in  protected  groups,  such  as  the 
inbred  colonies  referred  to,  the  mutations  may  persist. 

The  serum  proteins  ofman  andother  mammalshave  recently  been  divided 
into  a  number  of  genetically  controlled  systems.  The  most  striking  are  the 
serum  transferrins,  iron-binding  proteins  in  the  beta-globulin  fraction. 
Starch-gel  electrophoresis  produces  very  refined  distinctions  among  various 
bands  of  these  transferrins.  Furthermore,  the  starch-gel  acts  as  a  molec¬ 
ular  sieve*  and  larger  molecules  move  more  slowly  in  the  system  than  do 
small  ones.  This  enables  ib  to  distinguish  the  various  transferrins  as 
molecules  of  different  size  as  well  as  of  different  charge.  The  data  we 
have,  in  summary,  indicate  that  the  transferrins  of  the  Primates  increase 
in  size,  that  is,  decrease  in  mobility  in  starch-gels  with  increase  in  com¬ 
plexity  of  the  animal.  The  prosimian  transferrins  are  generally  quite  rapid 
moving,  so  are  those  of  the  Cercopithecoidea.  Those  of  the  apes  and  man, 
on  the  other  hand,  are  qiite  slow. 

To  summarize  this  section  of  my  talk,  the  evidencefrom  our  biochemical 
genetic  work  is  that  there  is  a  distinct  break  between  Prosimii  and  Anthro¬ 
poidea  when  considering  the  nature  of  the  hemoglobin.  Furthermore,  there 
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seems  to  be  a  correlative  change  in  certain  serum  proteins  as  one  goes 
from  the  bottom  to  the  top  of  the  phylogenitic  tree.  There  is,  it  might  be 
well  to  note,  a  similar  increase  in  size  in  the  hemoglobin  molecule  from 
prosimian  to  man. 

Item  three  concerns  the  nature  of  the  social  behavior  of  these  animals. 
In  summary,  it  is  legitimate  to  point  out,  from  the  evidence  we  have,  that 
behavior  which  tends  to  make  social  groupings  more  cohesive  among  the 
Primates  is  emphasized  by  natural  selection.  Along  with  this,  or  perhaps 
fundamental  to  it,  is  the  increase  in  complexity,  size,  and  efficiency  of  the 
nervous  system.  One  most  interesting  thing  about  the  trend  of  sociality 
among  the  Primates  is  the  fact  that  there  is  a  continually  lengthening  peri¬ 
od  of  gestation  and  period  of  dependence  of  infant  upon  mother.  Among 
most  prosimians  this  period  is  relatively  brief.  Galagos,  for  example,  are 
left  behind  by  their  mothers  in  nests  and  hollow  trees  almost  immediately 
after  birth.  Our  evidence,  of  course,  depends  upon  our  observation  of  ma¬ 
ternal  behavior  among  our  colonial  Galagos.  The  lemurs,  on  the  other  hand, 
seem  to  show,  at  least  among  “higher”  lemurs,  a  great  deal  of  dependence. 
One  baby  lemur  in  our  colony  clung  to  its  mother  with  great  tenacity  for 
the  first  three  weeks  of  life.  For  at  least  one  month  thereafter  she  would 
not  desert  her  mother  surrogate  (an  old  fur  glove)  for  more  than  30  or  40  sec. 
At  2  months,  she  finally  was  able  to  leave  it  for  longer  and  longer  periods 
and  finally  at  2*/]  to  3  months,  we  were  able  to  remove  the  surrogate.  Wash¬ 
burn  and  DeVore‘®  report  lengthy  periods  of  mother-infant  relationship 
among  baboons,  and  the  period  of  infantile  dependence  in  man  is  great. 

The  trend  against  multiple  births  is  certainly  true  of  all  Primates,  and 
that  only  the  smallest  and  probable  most  primitive  Prosimians,  such  as 
Microcebus,  produce  multiple  births  (twins)  regularly.  Unfortunately, 
recently  one  of  our  Galagos,  the  large  variety,  produced  triplets,  and  all 
six  of  her  mammary  glands  were  fully  functionaL  There  is  nothing  vestigial 
about  the  six  nipples  during  such  a  period  of  crisis. 

Calls,  grooming  behavior,  and  other  social  responses*'  are  of  great  im¬ 
portance  and  are  apparently  increasingly  complex  as  social  structure  in¬ 
creases  in  complexity.  At  least  much  of  the  social  cement  of  a  Primates 
group,  whether  it  be  lemur  or  baboon  or  ape,  is  grooming.  The  amount  of 
grooming  behavior  is  related  to  some  extent  to  the  estrus  cycle  —  much 
more  grooming  occurs  between  pairs  of  Galagos  when  females  arein  estrus 
and  such  grooming  is  of  course,  common  during  the  infantile  dependency 
period.  Among  lemurs  grooming  behavior  is  relatively  complex  and  impor¬ 
tant.  The  intensity  and  diversity  of  such  grooming  i  ndicates,  as  does  the 
behavior  of  the  mother  and  infant,  that  some  lemurs  have  achieved  a  social 
level  equivalent  to  that  of  the  old  world  monkeys. 

Some  extremely  clever  studies  by  Alison  Bishop  suggest  that  some  of 
the  increase,  if  not  all,  in  manipulative  ability  in  the  higher  Primates  is 
very  likely  due  to  the  use  of  accurate  fine  movements  of  the  hand  in  groom¬ 
ing,  which  have  not  appeared,  except  in  a  rudimentary  sense  in  lemurs. 
The  specialization  of  the  incisors  of  lemurs  for  grooming  may  well  have 
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resulted  in  this  lack  of  emphasis  on  fine  movements  and  eye-hand  coordi-  j 
nation  in  these  animals.  j 

Finally,  I  propose  to  point  out  certain  general  features  of  the  Primates,  | 
as  compared  with  other  animals^  which  have  evolutionary  implications.  The  j 
life  span  of  most  Primates  is  much  longer  than  other  mammals,  and  the 
trend  throughout  the  order  is  for  increased  longevity.  The  tiny  Microcebus  | 

(average  adult  male  weight  is  about  90  g.,  females  weigh  close  to  120  g.)  I 

has  a  demonstrated  life  span  of  at  least  6  years.  (F.  Bourliere,  private  com¬ 
munication).  The  tarsier  has  been  recorded  dying  after  12  years  in  a  zoo.  I 

Lemurs  have  lived  for  at  least  20  years,  and  at  least  one  female  macaque  | 

is  known  to  be  33  years  old  with  only  the  first  sign  of  irregular  menses  [ 

now  appearing.  Although  one  can  always  cite  the  elephant  to  show  that  I 

other  mammals  also  live  a  long  time,  it  is  the  general  trend  that  is  im-  | 

pressive.  j 

The  complex  nervous  system  of  Primates  requires  not  only  efficiently 
produced  metabolic  oxygen,  but  also  a  more  complex  diet  than  that  of  more 
primitive  mammals.  The  energy  binding  and  using  dimensions,  to  use  a 
currently  fashionable  expression,  of  Primates  aremore  intense  and  efficient 
than  that  of  other  mammals.  Diet  requirements  indicate  that  metabolism  is  i 

at  a  higher  energy  level  than  that  of  other  animals.  The  psychological  j 

needs,  if  such  they  be,  seem  more  intense  and  developed,  as  a  whole,  than 
those  of  other  orders  of  animals.  Solitary  chimps  are  said  to  pine  away, 
and  we  have  noticed  the  intensity  with  which  lemurs  react  to  reunion  with 
their  fellows  after  a  period  of  isolation.  i 

This  brings  us  to  a  final  review  of  what  I  have  said.  First,  the  Primates  ^ 
are,  I  claim,  a  very  complex,  advanced,  and  special  evolutionary  develop¬ 
ment.  This  special  advanced  complexity  is  best  symbolized  by  the  advanced  j 

nervous  system  of  the  members  of  the  order.  Second,  the  generalized  prim-  ! 

itive  characteristics  are  merely  those  of  general  morphology.  Once  a  suf-  I 

ficiently  decent  body  form  developed,  and  the  great  event  of  efficient  pre-  ' 

hensility  occured,  the  action  of  selection  may  be  seen  to  focus  upon  those  i 

neuromuscular  events  that  improve  eye-hand  coordination,  visual  acuity  ^ 

and  memory,  and  eventually  erect  bipedalism  and  the  mutations  that  led  | 

to  ^mbolic  behavior.  Third,  the  information  transmitting  mechanism,  the  j 

genetic  material,  the  chromosomes,  must,  in  the  complex,  delicately  bal¬ 
anced  metabolic  machine  of  Primates,  be  in  practically  perfect  balance  if 
reproduction  is  to  occur.  This  is  our  present  explanation  for  the  apparent 
absence  of  hybrids  between  Primates  of  different  chromosome  numbers.  We 
note  that  chromosomal  evolution  can  still  occur,  witness  the  trisomy  and 
and  translocations  of  man,  but  that  presently  recognized  variations  in  the 
chromosome  complement  lead  to  serious  disabilities.  Fourth,  the  evidence  | 
we  have  gathered  from  our  study  of  the  hemoglobin  of  these  animals  shows 
that  there  is  a  large  difference  between  the  Prosimii  and  the  Anthropoidea. 

We  presently  attribute  this  difference  to  the  oxygen  needs  of  these  animals, 
although  this  is  strictly  a  speculation.  A  similar  explanation  may  hold  for 
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the  progressively  difterentiating  serum  transferrins  of  the  Primates.  Final¬ 
ly,  the  behavior  ofPrimates  reflects  the  increasing  complexity  of  the  nerv¬ 
ous  system.  Certain  aspects  of  the  social  complexes  and  the  interindividual 
actions  of  these  animals  clearly  have  proved  to  be  selectively  advanta¬ 
geous.  Each  of  these  advances  in  behavioral  complexity  and  social  sophis¬ 
tication  may  be  seen  as  the  consequence  of  a  development  in  the  nervous 
system. 

A  final  note  of  caution  is  in  order.  Almost  everything  that  I  have  pro¬ 
jected  from  the  data  we  have  in  our  laboratories  and  that  I  have  culled 
from  my  colleagues  may  be  but  the  very  faintest  outline  of  a  completely 
“new  look”  at  the  evolution  of  Primates,  so  great  is  our  ignorance  of  our 
own  mammalian  order. 
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DIV I SIOX  OF  MICROBIOLOGY 


PROBLEMS  OF  FIXATION  AND  STAINING  IN  MICROBIAL  CYTOLOGY* 

B.  Mundkur 

Department  of  Zoology,  University  of  Connecticut,  Storrs,  Conn. 

In  securing  preparations  of  meaningful  cytological  delicacy,  particu¬ 
larly  of  the  smaller  microorganisms,  the  avoidance  of  artifacts  is  inevi¬ 
tably  a  more  exacting  requirement  than  is  frequently  the  case  with  large, 
well- differentiated  tissue  cells.  The  problems  encountered  in  preserving 
structure  in  microorganisms  in  a  form  closely  approximating  that  prevail¬ 
ing  in  the  living  cell  are  severe  in  morphological,  and  more  so  in  cyto- 
chemical  studies  at  the  levels  of  both  the  light  and  electr(Xi  microscopes. 
These  difficulties  are  attributable  largely  to  the  two  special  properties 
of  microbial  cells  which,  among  others,  distinguish  them  from  higher  cell 
types  —  diminutive  cell  sizes  and  relative  paucity  of  total  concentration 
of  cell  components  —  and  are  a  reflection  of  their  place  in  evolution.  They 
are  a  reminder  of  the  care  that  must  be  exercised  in  interpreting  microbial 
cytology  and  in  seeking  analogies  with  structural  components  of  advanced 
cell  types.  In  the  smaller  microorganisms,  limitations  in  light  microscop  - 
ical  resolution  preclude  accurate  descriptions,  counts,  or  behavioral  ob¬ 
servation  of  intracellular  constituents,  particularly  in  studies  of  their 
nuclei.  Low  concentrations  of  such  components  as  DNA,  enzymes,  and 
sometimes  of  polysaccharides  in  wall  layers,  are  liable  to  prevent  spa¬ 
tially  accurate  localizations  with  the  same  facility,  positiveness  or  ease 
of  microscopical  visualization  possible  with  most  cytochemical  reactions 
performed  on  higher  cell  types.  The  literature  of  microbial  cytology  is 
replete  with  statements  as  to  the  difficulties  experienced  in  obtaining 
satisfactory  preparations  for  definitive  descriptions  of  detail  in  internal 
morphology  or  chemical  identification  of  cellular  components. The  sharply 
divergent  and  polemical  views  arising  from  technical  and  observational 
problems  are  a  measure  of  the  uncertainties  in  interpreting  material  studied 
by  the  usual  methods  of  fixation  and  staining. 

An  extensive-analysis  of  the  various  technical  factors  that  have  yielded 
discrepant  cytological  conclusions  has  been  made  in  a  recent  critical  ' 
review  (Mundkur,  1962).  For  the  purpose  of  this  paper,  therefore,  I  confine 
attention  to  only  a  few  selected  examples  of  problems  encountered  by  the 
microbial  cytologist;  and,  by  a  comparison  of  photomicrographs  and  elec- 
tronmicrographs  of  conventionally  processed  material  with  that  obtained 
by  freezing-drying  and  specific  staining,  to  indicate  the  potential  of  im¬ 
proved  techniques. 

*This  paper,  illustrated  with  slides,  was  presented  at  a  meeting  of  the  Division 
on  October  27,  1961,  and  was  supported  in  part  by  Research  Grant  RG.8326  from  the 
National  Institutes  of  Health.  Public  Health  Service,  Bethesda.  Md.  It  constitutes  Contri¬ 
bution  No.  60  from  the  Institute  of  Cellular  Biology,  University  of  ConnecUcuU 
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As  an  example  of  observational  difficulty  may  be  mentioned  the  very 
weak  coloration  (consistent  with  low  DNA  content)  shown  by  nuclei  of 
frozen-dried  yeast  after  procedures  carefully  designed  to  yield  a  high 
degree  of  Feulgen  specificity  (Mundkur,  1954).  On  the  other  hai\d,  weak 
nuclear  coloration  may  be  considerably  enhanced  by  such  devices  as  the 
use  of  fixatives  containing  chromates,  mercuric  salts,  formaldehyde,  and 
picric  acid,  or  by  the  use  of  non-Schiff  staining  solutions  such  asGiemsa 
or  thionin  or  azure  A.  In  all  of  these  cases  the  gain  in  color  intensity  is 
far  greater  than  might  be  expected  on  the  known  prevalence  of  low  quanti¬ 
ties  of  nuclear  DNA  in  yeast.  Thus,  while  the  unnaturally  augmented 
colorations  may  be  pleasing  to  the  observer,  it  seems  doubtful  that  a 
truly  selective  localizati  on  of  this  component  and  a  precise  estimate  of 
the  internal  structure  of  the  nucleus  were  achieved.  An  explanation  for 
the  augmented  Feulgen  color  may  properly  be  ascribed  to  the  staining 
of  aldehyde  groups  released  by  oxidation  from  non-DNA  moieties  by  the 
fixing  fluid  or,  in  the  case  of  non-Schiff  type  stains,  a  coloration  of  DNA 
as  well  as  of  substrate  other  than  DNA.  Indeed,  with  such  solutions  as 
Giemsa,  which  comprise  mixtures  of  dyes  prod  ucingmetachromasy,  both  the 
yeast  nucleus  and  cytoplasm  are  stained  simultaneously,  and  the  recog¬ 
nition  of  the  nucleus  is  achievable  only  through  prior  removal  of  cytoplas¬ 
mic  basophilia  by  acid  extraction  or  ribonuclease  digestion;  it  seems 
doubtful,  therefore,  that  the  effects  are  strictly  analogous  to  those  yielded 
by  Feulgen  staining  performed  after  freezing  and  drying  and  adequate 
postfixation  with,  for  example,  alcohol  vapor. 

Enhanced  color  intensifies,  rather  than  faithfully  reflecting  the  dis¬ 
position  of  nuclear  DNA,  are  attributable  to  such  effects  as  oxidation, 
reductions,  and  cross-linking  of  radicals,  or  to  other  deleterious  effects 
of  fluid  fixation  obscuring  both  specific  identification  and  spatial  locali¬ 
zation  of  chromatin. 

An  additional  example  at  the  light  microscopical  level  of  the  reduced 
usefulness  of  fluid  fixatives  is  provided  by  the  polysaccharidic  components 
of  yeast.  The  traditional  use  of  Lugol’s  iodine  solution  as  a  stain  for 
glycogen  may  be  cited  as  an  illustration.  In  addition  to  its  capacity  for 
staining  several  substances  unrelated  to  glycogen,  such  as  various  prote¬ 
ins  and  mucoproteins  the  entry  of  Lugol’s  solution  in  the  cell  is  accom¬ 
panied  by  severe  displacements  of  glycogen,  resulting  from  diffusion 
gradients  within  the  protoplasm.  The  ensuing  disturbance  of  glycogen 
from  its  normally  particulate  distribution  results  in  its  aggregation  and 
dense  clumping  along  with  other  stainable  substances.  If,  however, 
“streaming”  or  diffusion  artifacts  of  this  nature  are  prevented  by  freezing 
and  drying  methods  and,  in  addition,  specific  staining  for  oolysaccharides 
with  the  periodate-Schiff  reaction  is  employed,  the  immobilized  glycogen 
is  seen  to  be  uniformly  disposed  as  particles  rather  than  as  clumps  in  the 
cytoplasm.  Furthermore,  polysaccharidic  yeast  cell  walls,  the  layers  of 
which  are  of  irresolvable  thicknesses  in  sections  examined  with  the 
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light  microscope,  can  be  selectively  localized  in  the  electron  microscope 
with  the  periodate-Schiff  reaction  following  freezing-drying.  A  feature 
particularly  helpful  in  these  studies  is  the  applicability  of  specific  enzyme 
and  other  controls  after  freezing-drying,  to  verify  the  nature  of  a  group  of 
specifically  stainable  polysaccharides.  It  has  been  possible  with  these 
means  not  only  to  identify  cytochemically  but  also  to  visualize  morpho¬ 
logically  with  the  electron  microscope  elementary  particles  (molecules) 
of  glycogen  measuring  about  200  X,  the  1:4  linked  glycoside  mannan,  the 
1:3  glucopyranoside  glucan,  acetyl  glucosamine,  as  well  as  an  hitherto 
unknown  and  unidentified  polysaccharidic  component  of  bud  scar  plugs 
(Mundkur,  1960). 

The  limitations  intrinsic  to  the  application  of  many  of  the  usual  pro¬ 
cedures  involving  fluid  fixation  and  staining  in  microbiology  are,  in  effect, 
not  different  categorically  from  those  well  known  in  hi^er  cell  types. 
They  include  artifacts  of  morphology  such  as  aggregation,  precipitation, 
dissolution,  or  other  changes  often  resulting  in  marked  deviations  from 
the  morphology  of  the  living  cell;  they  include  also  the  production  through 
chemical  interactions,  such  effects  as  the  formation  of  previously  absent 
compounds,  or  losses  or  total  destruction  of  enzymes  and  other  cellular 
components.  Owing  to  the  difficulties  in  observation  of  small  cells  like 
yeast,  bacteria,  or  certain  algae  and  protozoa,  these  effects  may  cloud  a 
correct  interpretation  of  microbial  structure  far  more  severely  than  in 
studies  of  large  cells  with  well-differentiated  spindles,  chromosomes, 
mitochondria  or  other  clearly  defined  inclusions.  Reductions  in  total  cell 
and  nuclear  volumes  following  fixation  with  conventional  agencies  such 
as  reported  from  work  on  Helix  primary  spermatocytes  (Ross,  1953)  are 
well  known  in  cytology.  Shrinkage  of  microorganisms  ensuing  from  con¬ 
ventional  procedures  of  treatment  may  be  severe  enough  to  nullify  inter¬ 
pretations  of  internal  detail,  particularly  of  the  nucleus  of  many  small 
microorganisms,  even  though  the  shrinkage  in  total  cell  volume  may  not 
superficially  be  striking  under  the  microscope.  The  air-drying  or  heat- 
fixation  of  cells  prior  to  contact  with  the  fixing  fluid,  sometimes  resorted 
to  by  microbial cytologists,  is  a  practice  that  induces  shrinkage  and  hence 
is  an  agency  yielding  injury  additional  to  the  varying  degrees  of  morpho¬ 
logical  and  cytochemical  destruction  provoked  by  fluid  fixatives. 

Perhaps  the  most  striking  indication  of  the  injurious  influence  of  fixa¬ 
tion  with  fluids  is  the  total  or  partial  collapse  of  the  prominent  central 
vacuole  in  yeast  cells  as  seen  under  the  light  microscope.  Even  when  such 
collapses  are  sometimes  prevented,  electronmicrographs  reveal  clearly 
the  damage  occuring  in  other  parts  of  the  cell,  particularly  to  the  fine 
structure  of  the  nucleus  and  of  the  cytoplasm.  Practically  all  of  the  dis¬ 
advantages  of  fluid  fixation  can  be  overcome  by  proper  freezing-drying 
and  judicious  postfixation  treatments.  The  improvements  potentially 
achievable  with  correct  manipulations  of  these  techniques  are  so  appre¬ 
ciable  as  to  make  them  especially  desirable  in  circumventing,  or  at  least 
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greatly  reducing,  problems  of  observation  inherent  to  small  cells.  The 
instantaneous  quenching  of  living  yeast  cells  in  liquid  propane  at  a  tem¬ 
perature  of— 175®  C.,  followed  by  low4emperature  drying  in  vacuo,  suitable 
postfixation,  and  other  steps  ensure  preservation  of  the  large  central 
vacuole  in  a  manner  not  often  matched  by  the  usual  methods  of  chemical 
fixation. 

It  is  ironical  that  so  extremely  little  use  has  been  made  of  cytological 
freezing-drying  techniques  for  study  of  microbial  structure,  in  spite  of  the 
circumstance  that  allied  techniques  of  lyophilization  are  widely  used  in 
other  microbiological  applications. 

The  most  pronounced  improvements  that  may  be  realized  with  freezing¬ 
drying  are  those  affecting  cytochemical  applications  in  microbiology, 
both  at  the  light  and  electron  microscopical  levels.  As  the  structural  and 
chemical  changes  induced  in  protoplasm  by  freezing-dr\’ing  are  minimal, 
it  is  clear  that  in  situ  localizations  of  enzymes  and  similar  refractory 
substances  may  be  achieved  with  appreciably  reduced  prospects  of  spuri¬ 
ous  reactions,  inactivation,  or  diffusion  of  the  component  investigated. 
However,  there  is  as  yet  no  record  in  microbiology  as  far  as  I  am  aware, 
of  specific  cytochemical  localization  of  enzymes  following  freezing¬ 
drying,  although  a  beginning  in  this  direction  is  being  undertaken  in  my 
laboratory.  On  the  other  hand,  the  incertitudes  and  technical  difficulties 
attending  such  localizations,  both  regarding  specificity  of  reaction  and 
unaltered  spatial  retention  of  substrate,  are  so  formidable  after  the  use 
of  convential  methods  as  recorded  in  the  literature,  that  it  seems  extremely 
doubtful  that  claims  of  enzyme  localization  in  bacteria,  fungi,  algae  or 
protozoa  are  fully  in  consonance  with  the  requirements  of  critical  cyto¬ 
chemistry. 

Interpretations  at  the  ultrastructural  level  have,  in  general,  posed  the 
same  questions  in  microorganisms  as  in  work  with  the  higher  cell  types. 
The  great  popularity  of  metallic  compounds  like  osmium  tetroxide  and 
potassium  permanganate  derives  from  the  ease  with  which  they  can  be 
employed  and  the  high  electron  scatter  they  provide.  Indeed,  their  value 
in  morphological  studies  has  often  been  demonstrated,  particularly  in  ob¬ 
taining  high  image  contrast.  As,  however,  the  stoichiometry  of  such 
compounds  is  poorly  understood,  it  has  not  as  yet  been  possible  to  ex¬ 
ploit  them  for  definitive  compositional  studies  of  microorganisms.  While 
they  reveal  cellular  membranes  effectively,  their  nonselective  affinities 
for  protoplasmic  constituents  limits  their  value  in  such  important  problems 
as  resolving  the  nature  of  bacterial  and  fungal  nuclei,  which  show  an 
unusual  organization.  Thus,  in  the  remarkably  interesting  pictures  of 
bacterial  nuclei  produced  by  several  workers,  it  is  difficult  owing  to  the 
generalized  staining  yielded  by  metallic  fixation  (which  also  serves  as 
an  electron  “stain")  directly  to  correlate  densely  stained  regions  speci¬ 
fically  to  basophilia  of  the  nucleus  (or  of  the  cytoplasm);  this  problem  is 
compounded,  furthermore,  by  the  fact  that  slight  alterations  in  procedures 
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result  in  widely  varied  morphological  effects  (Giesbrecht,  1958;  Przybylski 
and  Cortelyou,  1961 ). 

An  additional  undesirable  feature  to  be  considered  in  interpreting 
microbial  structure  with  the  electron  microscope  is  the  extractive  influence 
of  fixing  solutions,  particularly  potassium  permanganate,  described  by 
Bradbury  and  Meek  (1960).  This  effect  is  illustrated  in  yeast  where  the 
cytoplasm  and  nuclei  possess  characteristics  of  granulation  and  texture 
so  remarkably  identical  that  only  the  retention  of  nuclear  membranes  indi¬ 
cates  the  occurence  of  sectioned  nuclei  in  the  specimens  (Conti  and 
Naylor,  1959;  Vitols  et  aU,  1961). 

Perhaps  the  severest  limitation  of  methods  utilizing  metallic  fixatives 
is  the  inapplicability  of  cytochemistry  in  potentially  important  microbio¬ 
logical  problems  with  the  electron  microscope.  The  electron  scatter 
produced  by  the  commonly  employed  inorganic  metallic  fixatives  is  of  so 
high  an  order  and  so  generalized,  that  it  obscures  the  superimposed,  far 
weaker  images  characteristic  of  the  relatively  lower  molecular  weight  re¬ 
action  products  involved  in  many  cytochemical  or  color  reactions.  If,  how¬ 
ever,  a  “clear”  background  of  protoplasm  is  ensured,  such  as  is  obtained 
after  freezing  and  drying,  an  opportunity  is  presented  of  utilizing  certain 
reactions  of  high  specificity.  As  an  example  may  be  mentioned  the  appli¬ 
cation  of  the  oeriodate-Schiff  method  for  ultrastructural  cytochemistry  of 
polysaccharides  in  yeasts.  Provided  that  sufficient  reactive  groups  are 
available  and  the  quantity  of  organic  dye  bound  by  the  substrate  is  of  an 
order  adequate  enough  to  yield  detectable  electron  scatter,  as  indeed  is 
the  case  in  this  reaction,  it  is  possible  directly  to  visualize  the  morpho¬ 
logical  disposition  and  establish  the  identity  of  various  polysaccharides, 
including  molecules  of  glycogen,  with  the  aid  of  enzymatic  control  tests. 
Such  positive  procedures  contrast  with  the  problems  of  ascertaining  the 
identity  of  glycogen  following  the  usual  methods  of  fixation  for  electron 
microscopy,  as  in  Escherichia  coli  (Cedergren  and  Holme,  1959)  where  the 
localization  of  glycogen,  as  clear  “holes”  in  a  dense  background,  is  only 
inconclusively  inferential. 

Finally,  an  example  of  a  procedure  that  produces  very  satisfactory 
electron  scatter  and  image  contrast  and  at  the  same  time  shows  a  high 
degree  of  affinity  for  nucleoproteins  is  the  gallocyanin-chromalum  method 
(Einarson,  1951).  Used  in  yeast  (Mundkur,  1960a;  1961)  after  freezing¬ 
drying  and  selective  postfixation  of  proteins  and  polypeptides  with  organ¬ 
ic  vapor  reagents  such  as  1,5— difluoro,  —2,4  dinitrobenzene,  it  has  been 
possible  to  achieve  a  marked  selectivity  of  staining  for  basophilia  and, 
thus,  largely  to  circumvent  the  problems  of  morphological  and  chemical 
preservation  attending  the  ultrastructural  study  of  the  yeast  nucleus  with 
the  usual  methods  of  fixation  with  inorganic  salts. 
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Introduction 

This  paper  presents  some  results  of  a  study  of  the  bedrock  valleys 
of  coastal  New  England.  The  study  is  a  project  under  the  research  pro¬ 
gram  of  the  United  States  Geological  Survey,  Ground  Water  Branch. 
Records  of  borings,  chiefly  for  highway  bridges,  across  14  rivers  or  em- 
bayments  (such  as  Narragansett  Bay)  were  obtained  from  State  Highway 
Departments  and  other  agencies  (figure  1).  Cross  sections  were  pre¬ 
pared  and  studied.  Original  samples  from  some  borings,  especially  in 
Connecticut,  were  examined.  Collection  of  the  data  and  nearly  all  the 
field  examination  were  done  by  C.  W.  Spencer,  who  also  prepared  de¬ 
tailed  cross  sections.  This  paper  is  based  on  a  more  detailed  account  in 
preparation. 

Each  of  the  present  streams  of  coastal  New  England  is  flowing  on,  or 
near,  a  bedrock  valley:  (1)  which  is  wholly  or  partly  filled  with  unconsoli¬ 
dated  deposits,  and  (2)  whose  thalweg  at  or  near  the  coast  lies  several 
tens  to  several  hundred  feet  below  present  sea  level.  Most  of  the  valleys 
are  simply  deep-lying  parts  of  visible  valleys,  but  a  few  are  completely 
filled  and  concealed  by  deposits.  Only  the  latter  valleys  can  be  truly 
called  “buried.”  This  paper  deals  with  two  aspects  of  the  buried,  or 
bedrock,  valleys;  the  depths  and  origin  of  the  bedrock  thalwegs,  and  the 
origin  of  a  younger  set  of  valleys  for  which  evidence  lies  in  the  stra¬ 
tigraphy  of  the  fill  contained  in  the  bedrock  valleys. 

Principal  Geologic  Features  of  the  Bedrock  Valleys 

Sections  across  the  several  valleys  give  information  about  three  main 
points:  depths  of  the  thalwegs  of  the  bedrock  valleys,  the  stratigraphy 
of  the  fill,  and  depths  of  the  thalwegs  of  younger  valleys  represented  by 
an  unconformity  within  the  fill. 

The  section  across  the  Thames  River  about  5  miles  north  of  the  shore 
(see  upper  part  of  figure  2)  is  typical  of  the  valleys  of  coastal  Con¬ 
necticut.  Bedrock  was  cored  in  making  the  borings,  giving  good  control 
on  its  surface.  The  altitude  of  the  thalweg  may  be  about  -200  feet  mean 

*  This  paper,  illustrated  with  slides,  was  presented  at  a  meeting  of  the  Section 
on  May  1,  1961*  Publication  is  authorized  by  the  United  States  Geological  Survey. 
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Figure  1.  Sketch  maps  of  parts  of  New  England  showing  major  rivers  and 
locations  of  data  sites,  indicates  site  of  borings  or  geophysical  data,  im  in¬ 
dicates  section  illustrated  in  this  paper. 


Figure  2.  Cross  sections  showing  configuration  of  bedrock  surface  and 
nature  of  sedimentary  fill  in  the  Thames  valley  at  New  London,  Conn.,  and  the 
Providence  bedrock  valley  in  Narragansett  Bay. 

sea  level  (msl).  The  deposits  in  the  valley  comprise  the  same  three 
units  that  appear  in  the  other  Connecticut  valleys:  till,  outwash,  and 
estuarine  deposits. 

Till  is  at  the  base  and  consists  of  compact  sand,  clay,  and  boulders. 
This  material  was  encountered  at  many  of  the  borings,  bu^  not  all;  thus 
it  is  discontinuous.  It  is  considered  to  be  the  ground  moraine  of  the  early 
or  mid-Wisconsin  glaciers  that  advanced  beyond  southern  New  England. 

Outwash  lies  above  the  till.  It  consists  mainly  of  fine  to  coarse  sand 
and  some  gravel  and,  locally,  some  clay  and  silt.  The  unit  is  apparently 
stratified.  It  is  probably  glaciofluvial,  although  at  places  it  is  uniform 
enough  and  fine-grained  enough  to  suggest  lacustrine  deposition.  The 
outwash  in  the  Housatonic  valley  contains  considerable  gravel.  In  the 
valleys  of  the  Thames  and  Connecticut  Rivers  the  outwash  underlies 
and  forms  terraces  that  are  traceable  upstream.  Those  along  the  Con¬ 
necticut  River  head  at  the  limit  of  the  Middletown  ice  readvance  (see 
page  899,  Flint,  1953). 

The  estuarine  deposits  overlie  the  outwash  and  apparently  occupy  an 
eroded  channel.  This  material  is  usually  described  as  “soft”  clay  silt, 
and  fine  sand.  It  is  brown  and  has  organic  matter  (peat  and  plant  remains), 
and  locally  shell  fragments.  In  the  Thames  estuary,  the  estuarine  de¬ 
posits  extend  upward  nearly  to  sea  level;  and  in  some  of  the  other  valleys 
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they  continue  upward  to  present-day  tidal  marsh  deposits.  The  deposits 
were  probably  formed  during  an  eustatic  rise  of  sea  level. 

A  age  determination  made  in  the  laboratory  of  the  United  States 
Geological  Survey  (No.  W-945),  gives  the  age  of  some  peaty  material  at 
30  to  31.5  feet  below  sea  level  and  a  few  feet  above  the  base  of  the  es¬ 
tuarine  deposits  in  the  Quinnipiac  Valley  at  New  Haven,  Conn.,  as  5900 
±  200  years  before  the  present  (B.P.). 

The  lower  part  of  figure  2  shows  a  fairly  typical  section  of  the  bed¬ 
rock  valleys  that  lie  beneath  Narragansett  Bay.  This  is  on  the  Providence 
bedrock  valley,  the  middle  one  of  three  main  valleys  beneath  Narragan¬ 
sett  Bay.  The  depth  to  bedrock  is  not  well  controlled  in  this  section, 
but  it  is  in  others.  Bedrock  thalweg  depths  range  from  about  sea  level 
just  outside  the  border  of  the  Narragansett  structural  basin  along  the 
Blackstone  River,  to  at  least  -380  feet  msl  at  the  easternmost  site  in 
the  Bay  (figure  1).  Based  on  seismic  reflection  investigations  using 
low  frequency  sound  made  by  Woods  Hole  Oceanographic  Institution, 
Woods  Hole,  Mass.,  the  thalweg  near  the  mouth  of  the  Bay  may  be  as 
deep  as  -350  feet  msl. 

In  Narragansett  Bay  the  unconsolidated  deposits  comprise  at  least 
four  units:  till  on  the  bedrock,  an  overlying  clay,  an  outwash  unit  whose 
lower  part  is  interbedded  with  the  clay,  and  estuarine  deposits.  The 
section  illustrated  shows  all  but  the  outwash. 

The  lower  unit  is  compact,  unsorted  material,  typical  till,  correlative 
of  the  basal  unit  in  the  Connecticut  valleys.  The  middle  unit  of  clay,  as 
described  in  the  boring  records,  is  a  gray,  compact  clay  and  silt  which 
at  many  places  is  laminated.  Although  it  contains  silt  and  some  fine  sand, 
clay  is  the  predominant  constituent.  This  unit  is  penetrated  in  other 
sections  and  apparently  occurs  extensively  in  Narragansett  Bay.  In  the 
section  illustrated  (figure  2)  the  unit  is  at  least  100  feet  thick.  Clay 
exposed  in  old  clay  pits,  observed  by  past  workers  (see  page  162,  Wood- 
worth,  1896;  page  210,  Hyyppa,  1955;  and  pages  26-27,  Bierschenk,  1954) 
may  belong  to  the  same  unit.  Antevs  (see  locality  142,  pages  189,  Antevs, 
1928)  reported  varves  from  the  upper  part  of  the  deposits,  but  Hyyppa 
believes  that  the  clays  were  deposited  in  the  sea.  We  believe  the  clay 
and  silt  are  probably  mostly  marine. 

In  other  sections  in  Narragansett  Bay  the  clay  is  interbedded  with 
the  lower  part  of  an  outwash  unit.  In  grain  size  the  outwash  ranges  from 
fine  sand  to  coarse  gravel  in  different  parts  of  the  area,  but  is  fairly 
uniform  and  well  sorted  at  any  one  place. 

Above  the  outwash,  and  also  locally  overlying  the  marine  clay,  is  the 
last  unit  —  estuarine  deposits.  These  consist  of  soft,  brown  to  gray, 
organic  clay  and  silt  with  some  shell  fragments.  These  beds  are  con¬ 
sidered  to  be  estuarine  deposits,  as  are  the  similar  ones  in  the  valleys 
of  Connecticut.  They  rest  on  an  irregular  surface,  apparently  a  channel 
eroded  in  the  underlying  deposits. 
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The  upper  part  of  figure  3  is  a  cross  section  of  the  Charles  buried 
valley  in  Boston,  Mass.  The  borings  penetrated  bedrock  that  was  cored; 
hence  configuration  of  the  bedrock  surface  is  fairly  well  controlled.  The 
thalweg  is  about  at  -240  feet  msl.  The  thalweg  depths  in  several  other 
sections  in  the  Boston  Basin  Heat  about  this  elevation,  and  suggest  an 
erosional  level  at  about  -250  feet  msl. 

The  deposits  in  the  valleys  comprise  five  units,  not  all  differentiated 
in  the  section  shown  (figure  3).  The  units  are:  (1)  till,  the  Boston  till 
of  Judson  (1949)  at  the  base;  (2)  a  thick  body  of  marine  clay  and  silt 
(Boston  clay  of  Judson,  1949)  that  locally  is  overlain  by  and  around  the 
margins  of  the  basin  is  interbedded  with  (3)  outwash;  (4)  a  body  of  sand 
and  gravel  that  may  also  be  outwash;  and  (5)  a  unit  of  estuarine  deposits 
composed  mainly  of  silt  and  clay  with  interbedded  peat  and  other  organic 
materials.  In  figure  3  the  till  and  the  overlying  clay  are  differentiated, 
but  the  remaining  units  are  combined. 


Figure  3.  Sections  of  buried  valleys  in  Boston,  Mass,  and  at  South  Portland, 

Me. 


The  basal  till  is  presumably  equivalent  to  the  basal  unit  in  Narragan- 
sett  Bay  and  the  coastal  valleys  of  Connecticut.  The  Boston  clay  is 
variously  described  in  the  boring  records  as  loose  to  compact  gray  clay. 
This  unit  was  deposited  either  at  the  margin  of  glacier  ice,  or  when  ice 
was  not  far  away  (see  page  22,  Judson,  1949).  The  overlying  material 
(units  3  and  4),  thought  by  Judson  to  be  separated  from  the  clay  by  an 
erosional  unconformity,  may  be  outwash  from  a  readvance  and  retreat  of 
the  nearby  ice.  In  turn,  the  uppermost  unit  contains  fresh-  and  salt-water 
peat,  marine  silt,  and  finally  salt-water  peat  all  attesting  to  a  rise  in  sea 
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level  to  the  present  time.  This  last  unit  belongs  to  the  estuarine  de¬ 
posits  of  this  paper.  Judson  postulated  two  periods  of  lowered  sea  level 
and  subaerial  erosion  in  this  sequence:  one  after  the  deposition  of  the 
Boston  clay  of  Judson  (1949),  and  the  other  just  before  deposition  of 
the  estuarine  deposits.  In  the  earlier  one,  streams  are  thought  to  have 
been  graded  to  a  sea  level  about  90  feet  below  the  present  level.  The 
estuarine  deposits  along  the  Charles  River  rest  on  an  erosional  channel 
that  reaches  at  least  40  feet  below  present  sea  level  in  Boston,  and  pre¬ 
sumably  is  deeper  beneath  Boston  Harbor.  It  may  also  have  been  graded 
to  a  position  about  90  feet  below  present  sea  level. 

The  lower  part  of  figure  3  is  a  section  across  the  Presumpscot 
buried  valley  near  Portland,  Me.  The  borings  went  to  “refusal;”  thus 
the  bedrock  surface  is  approximate.  The  lowest  point  seems  to  be  at 
al'OUt  -120  feet  msl. 

The  bedrock  is  overlain  by  till  at  most  of  the  borings.  The  till  in  turn 
is  overlain  by  a  body  of  clay  as  much  as  100  feet  thick.  This  unit  is 
described  in  the  boring  records  as  gray  or  blue-gray  clay,  silt  y  clay,  or 
clay  and  silt.  It  is  soft,  but  apparently  not  so  loose  as  overlying  estua¬ 
rine  deposits.  The  material  extends  above  sea  level,  is  exposed  at  a 
number  of  localities  in  the  area,  and  has  been  mapped  along  the  Maine 
coast  by  a  number  of  geologists.  The  latest  work  in  the  vicinity  of  Port¬ 
land  has  been  done  by  Bloom  (1959)  who  called  these  beds  the  Presump¬ 
scot  formation.  He  believes  that  the  clays  are  a  marine  deposit  of  glacial 
rock  flour  with  a  few  ice-rafted  boulders  and  cobbles.  The  implication  is 
that  glacial  ice  was  at  the  most  a  few  dozen  miles  away.  One  of  us 
0-E.U.)  has  mapped  similar  deposits  in  the  Passamaquoddy  Bay  area, 
where  apparently  they,  too,  were  deposited  when  ice  was  not  far  away, 
and  has  seen  similar  beds  in  the  vicinity  of  Portsmouth,  N.H. 

The  deposits  of  marine  clay  and  silt  that  occur  all  the  way  from 
eastern  Maine  to  Boston  Harbor,  and  perhaps  also  in  Narragansett  Bay, 
were  doubtless  deposited  under  the  same  general  conditions  -  as  glacial 
marginal  clays  in  the  sea  that  invaded  the  land  immediately  or  closely 
following  withdrawal  of  ice.  However,  it  is  not  certain  that  they  are  all 
of  the  same  age. 

In  the  Presumpscot  bedrock  valley  the  marine  clay  is  in  turn  overlain 
by  estuarine  deposits,  which  rest  on  an  erosion  surface.  The  lowest 
part  of  this  erosion  surface  lies  at  about  -40  feet  msl  in  this  section. 

The  bedrock  configuration  and  stratigraphy  of  till  in  the  submerged 
valleys  near  Passamaquoddy  Bay  have  been  described  briefly  previously 
in  this  publication  (Upson,  1954).  The  marine  passages  overlie  a  bedrock 
valley  system  whose  thalwegs,  on  the  basis  of  subbottom  investigations 
made  by  sonar,  reach  depths  of  about  400  feet  below  sea  level,  and  appear 
to  be  graded  to  a  base  level  somewhat  below  this  depth. 

The  glacial  deposits  in  this  area  are  complex,  but  where  they  occur 
within  tlie  bedrock  valleys,  and  where  they  have  been  explored  by  borings. 
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they  have  two  chief  units:  a  thin,  locally  washed  till  at  the  base,  over- 
lain  by  a  thick  unit  of  laminated  or  banded  marine  clay  and  silt.  This 
marine  unit  apparently  has  not  been  channeled  below  sea  level,  as  were 
the  similar  deposits  farther  south,  and  there  is  no  overlying  unit  of  es¬ 
tuarine  deposits. 

Summary  oi  Data  on  Depths  of  Bedrock  Thalwegs 

The  approximate  elevations,  below  mean  sea  level,  of  the  low  points 
on  the  thalwegs  of  the  bedrock  valleys  as  determined  or  estimated  from 
the  sections  studied  are  shown  on  figure  4.  The  rivers  can  be  identi¬ 
fied  by  referring  to  figure  1.  At  first  glance  there  seems  to  be  no  sys¬ 
tem  to  the  depths.  However,  two  levels  of  erosion  below  present  sea  level 
may  be  recognized:  one  at  about  -200  to  -250  feet  and  one  at  about  -400 
feet  or  a  little  lower. 

The  projected  slope  between  the  two  points  on  the  Housatonic  bed¬ 
rock  valley  reaches  about  -200  feet  in  the  middle  of  Long  Island  Sound. 
The  thalweg  of  the  Thames  is  at  about  -200  feet.  A  reach  of  several 
miles  on  the  Blackstone  bedrock  valley  in  the  western  part  of  the  Nar- 
ragansett  Bay  area  is  at  about  -200,  and  the  valleys  at  Boston  may  be 
graded  to  a  -250- foot  elevation. 


Figure  4.  Map  of  the  New  England  coast  showing  elevations  of  the  thalwegs 
of  bedrock  valleys.  Letter  symbols  designate  rivers,  as  follows:  H,  Housatonic; 
Q,  Quinnipiac;  C,  Connecticut;  T,  Thames;  Pa,  Piscataqua;  F,  Fore  River  (Pre- 
sumpscot  buried  valley;  K,  Kennebec;  S,  Sheepscot;  Pb,  Penobscot;  SC,  St.  Croix 
(Passamaquoddy  Bay). 
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The  Connecticut  River  thalweg  might  fit  this  elevation,  but  may  be 
deeper.  The  -200-foot  figure  shown  on  the  map  is  a  minimum  estimate. 
The  figure  for  the  Quinnipiac,  deeper  than  -280  feet,  looks  out  of  line. 
However,  this  section  is  on  the  relatively  less  resistant  sedimentary 
rocks  of  the  Triassic  Neward  Group,  and  either  may  show  overdeepening 
by  glacial  scour,  or  represent  an  upstream  extension  of  a  lower  erosional 
level. 

For  the  lower  level, one  accurate  depth,  at  about  -380  feet  msl  is  on 
the  crossing  of  the  Taunton-Sakonnet  bedrock  valley  in  Narragansett 
Bay  (the  northern  of  the  two  numbers  shown).  The  other  number  at  Narra¬ 
gansett  Bay  is  an  approximation  from  seismic  reflection  profiling  using 
low-frequency  sound.  In  the  far  north,  at  Passamaquoddy  Bay,  two  sets 
of  data  from  sonar  subbottom  soundings  for  places  several  miles  apart 
also  give  thalweg  depths  a  little  deeper  than  400  feet  below  sea  level. 
Projecting  the  slope  between  the  two  figures  on  the  Penobscot  River 
(-45  and  -120)  also  gives  a  depth  greater  than  400  feet  at  the  outer  mar¬ 
gin  of  Penobscot  Bay. 

The  figures  for  the  other  Maine  valleys  range  from  -90  to  -160  feet 
msl.  The  significance  of  these  shallow  depths  is  not  known  at  this  time. 

Sunmary  ol  Data  on  Unconsolidated  Deposits 
and  the  Thalwegs  of  Pre-estuarine  Valleys 

The  unconsolidated  deposits  within  the  bedrock  valleys  of  coastal 
New  England  consist  mainly  of  glacial  deposits  —  mostly  outwash  along 
the  Connecticut  coast,  and  mostly  ice-marginal  marine  clay  and  silt  at 
least  from  Boston  Harbor,  and  possibly  from  Narragansett  Bay,  north.  At 
the  base  is  thin  till,  which  is  doubtless  early  to  mid-Wisconsin  in  age. 
In  all  the  valleys  except  those  of  eastern  Maine,  the  glacial  deposits  are 
overlain  unconformably  by  estuarine  deposits.  These  are  considered  to  be 
approximately  contemporaneous  everywhere,  and  to  represent  a  late 
general  rise  of  sea  level  relative  to  the  coast.  In  the  areas  where  the 
marine  clays  occur,  the  sea  was  initially  high  against  the  land,  then  de¬ 
clined  relatively,  and  later  rose  to  its  present  level.  On  the  other  hand, 
in  extreme  eastern  Maine,  evidence  for  the  relative  decline  and  then  rise 
of  sea  level  is  lacking,  and  the  sea  apparently  simply  moved  relatively 
downward  from  its  late-glacial  high  level  to  the  present  level  (see  pages 
292-293,  Upson,  1954).  However,  the  relative  position  of  land  and  sea  at 
the  time  could  have  been  such  that  a  decline  and  rise  of  sea  level  took 
place,  but  left  no  trace  in  the  form  of  erosional  channels. 

The  unconformity  at  the  base  of  the  estuarine  deposits  is  the  second 
main  feature  of  concern  in  this  paper.  The  approximate  elevations  of  the 
low  points  on  this  surface  are  plotted  on  figure  5.  The  figures  along 
the  shore  of  Connecticut  and  Rhode  Island  make  a  pattern  that  might 
reasonably  fit  a  stream  drainage  system  passing  eastward  through  Long 
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Figure  5.  Map  of  the  New  England  Coast  showing  elevations  of  the  thalwegs 
of  pre-estuarine  valleys.  Letter  symbols  designate  rivers,  as  follows;  H,  Hous- 
atonic;  Q,  Quinnipiac;  C,  Connecticut;  T,  Thames;  Pa,  Piscataqua;  F,  Fore 
River  (Presumpscot  buried  valley);  K,  Kennebec;  S,  Sheepscot;  Pb,  Penobscot. 

Island  Sound,  and  then  southeastward  off  the  end  of  Long  Island.  This 
system  would  be  graded  to  a  level  on  the  order  of  -150  feet  msl. 

The  elevations  at  Boston  Harbor  and  along  the  Maine  coast  are 
shallower,  and,  discounting  the -94-foot  figure,  suggest  progressive  shoal¬ 
ing  northward  and  eastward,  culminating  in  apparent  absence  of  the  un¬ 
conformity  in  Passamaquoddy  Bay  near  Eastport. 


Conclusions 

The  early  or  mid-Wisconsin  till  occurs  on  the  bedrock  surface  of  all 
the  valleys.  Therefore,  the  bedrock  valleys  are  believed  to  have  been 
developed  largely  before  the  Wisconsin;  and  the  present  depth  of  the 
thalwegs  below  sea  level  is  no  measure  of  Wisconsin  lowering  of  sea 
level.  The  deep  levels,  on  the  order  of  -400  feet,  may  represent  eustatic 
lowering  of  sea  level  in  early  Pleistocene  time.  On  the  other  hand,  they 
may  represent  the  last  episodes  of  Tertiary  stream  erosion,  and,  if  so, 
probably  indicate  subsequent  crustal  downwarp.  The  depths  are  believed 
not  to  be  due  in  appreciable  measure  to  glacial  scour. 

There  are  several  possible  explanations  for  the  unconformity  at  the 
base  of  the  estuarine  deposits  within  the  fill.  Evidence  at  present  seems 
to  favor  a  period  of  lowered  sea  level,  on  the  order  of  -150  feet  below  the 
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present  level,  with  resulting  subaerial  erosion.  The  northward  shoaling 
of  the  thalweg  depths  of  this  surface,  and  its  absence  in  extreme  eastern 
Maine,  may  be  due  to  incomplete  crustal  recoil  remaining  at  the  time  of 
sea-level  decline.  The  sea-level  decline  would  coincide  with  a  late  gla¬ 
cial,  probably  Valders  or  Mankato,  ice  readvance.  Deposition  of  the 
estuarine  deposits  accompanied  the  last  general  eustatic  rise  in  sea 
level.  Age  of  peaty  material  at  -30  to  -31.5  feet  in  the  estuarine  deposits 
of  the  drowned  valley  of  the  Quinnipiac  River,  about  5900  ±  200  years 
B.P.,  is  in  accord  with  this  inference. 
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DIVISION  OF  PSYCIIOLOCjY 


TESTING  AND  THE  SELECTION  OF  SCIENTIFIC  PERSONNEL* 
Jerome  E.  Doppelt 

The  Psychological  Corporation,  New  York,  N,  Y. 

For  a  problem  as  complex  as  the  selection  of  scientists  one  does  not 
expect  a  single  procedure  or  method  or  new  drug  to  provide  the  answer. 
Barring  a  miraculous  discovery  that  would  make  available  the  single  in¬ 
dicator  of  future  scientific  success,  the  most  fruitful  approach  lies  in 
analyzing  the  problem  and  determining  which  procedures  may  contribute 
to  its  solution.  It  is  in  this  context  that  I  propose  to  consider  the  role  of 
tests  in  selecting  scientific  personnel. 

In  many  respects  the  general  procedure  for  selecting  scientists  is  the 
same  as  that  for  selecting  typists,  lathe  operators,  clerks,  or  any  other 
workers.  There  is  a  need  for  the  services  of  a  certain  type  of  employee; 
available  applicants  are  considered  in  the  light  of  the  felt  need;  and  a 
decision  is  made  to  hire  some  of  them.  To  determine  whether  the  proce¬ 
dure  is  operating  properly,  employees  are  rated  after  a  period  of  time  and 
a  study  is  made  of  the  relationships  between  the  factors  that  entered  into 
the  decision  to  hire  and  the  ratings  of  performance.  If  possible,  changes 
are  made  in  the  hiring  process  to  assure  the  selection  of  people  more 
likely  to  receive  the  better  ratings. 

A  decision  to  hire  may  be  based  on  the  results  of  an  interview,  the 
evaluation  of  educational  background  and  previous  work  experience,  the 
outcome  of  a  physical  examination,  the  results  of  test  scores  and,  per¬ 
haps,  various  other  factors  that  are  seen  as  relevant  to  the  specific  situ¬ 
ation.  The  prospective  employer  rates  the  applicant  on  these  factors, 
sometimes  without  conscious  knowledge  of  how  much  weight  he  is  atta¬ 
ching  to  each,  and  reaches  a  decision.  In  effect,  the  factors  are  acting 
as  predictors  of  job  success. 

It  is  important  to  remember  that  tests  are  only  one  of  the  types  of  pre¬ 
dictors  for  selection.  The  function  of  tests  is  to  provide  additional  infor¬ 
mation  that  will  aid  in  the  formulation  of  a  proper  decision.  It  is  not  the 
function  of  tests  to  replace  all  other  kinds  of  information  that  could  be 
gathered  and  evaluated. 

The  evaluation  of  the  predictors  used  in  a  selection  procedure  neces¬ 
sarily  depends  on  the  availability  of  criteria  of  satisfactory  performance, 
More  than  anything  else,  the  problem  of  securing  suitable  criterion  meas¬ 
ures  of  scientific  performance  reveals  the  complexity  of  the  task  of 
selecting  scientific  personnel.  How  should  a  scientist  be  evaluated? 

*Thl8  paper  was  presented  at  a  meeting  of  the  Division  on  April  17,  1961. 
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Most  people  will  agree  that  creativity  and  productivity  are  highly  de> 
sirable  quantities  in  scientists.  It  is  extremely  difficult,  however,  to  ob¬ 
tain  valid  ratings  of  creativity.  Is  the  scientist  who  produces  many  imagi¬ 
native  approaches  that  ultimately  are  impractical  to  be  rated  more  or  less 
creative  than  the  man  with  an  occasional  idea  that  turns  out  to  be  valu¬ 
able?  How  long  should  a  scientist  work  on  a  problem  before  he  can  be 
properly  evaluated?  For  scientists  working  in  teams,  how  are  distinctions 
made  among  the  members  in  regard  to  the  value  of  their  contributions? 

The  concept  of  creativity  is  rather  amorphous  and  means  different 
things  to  different  people.  Some  investigators  have  attempted  to  describe 
the  characteristics  of  creative  individuals.  Among  such  characteristics 
have  been  noted:  a  driving  absorption  in  one’s  work,  a  preference  for 
complexity  in  phenomena,  a  disposition  toward  integration  of  pheno¬ 
mena,  a  high  degree  of  intellect,  and  synthesizing  abilily  and  flexibility. 
In  the  introduction  to  their  book  ‘‘Creativity  and  the  Individual”  Morris 
Stein  and  Shirley  Heinze^  have  written:  “The  most  striking  features  of 
the  literature  on  creativity  are  the  variety  of  approaches  that  investiga¬ 
tors  have  followed,  the  variety  of  results  that  have  been  obtained,  and 
the  numerous  factors  about  which  suggestions  and  speculations  have 
been  made....  There  are  those  who  have  designed  experiments,  or  used 
psychological  tests,  or  conducted  interviews,  or  some  combination  of 
these  approaches,  while  others  speculated  about  creativity  on  the  basis 
of  biographies  they  read  or  experiences  they  had....  One  person  or  another 
has  argued  for  the  importance  of  pregenital  drives,  defense  mechanisms, 
defenses  against  defenses,  insanity,  sanity,  the  desire  for  immortality, 
the  need  for  order,  the  significance  of  sublimation,  and  the  importance 
of  self-actualization.’* 

Although  the  vast  amount  of  literature  on  aspects  of  creativity  may 
be  confusing  and  sometimes  disheartening,  it  represents  a  necessary 
attempt  to  obtain  useful  information.  Without  having  adequate  understand¬ 
ing  of  what  characteristics  are  associated  with  creative  performance, 
it  is  impossible  to  evaluate  individuals  with  respect  to  these  character¬ 
istics.  Having  identified  the  characteristics,  not  only  can  we  improve 
the  ratings  but  we  can  proceed  to  develop  measures  that  will  predict 
these  ratings. 

Creativity  is  a  dramatic  concept  that  is  obviously  relevant  to  the 
work  of  scientists.lt  must  be  kept  in  mind,  however,  that  it  is  not  neces¬ 
sary  for  all  scientists  to  be  highly  creative  individuals.  In  a  recent  issue 
of  the  Occupational  Outlook  Quarterly,*  it  was  estimated  that  800,000 
scientists  and  engineers  were  employed  in  private  industry  as  of  Janu¬ 
ary  1959.  It  is  frightening  to  think  of  the  possible  consequences  of 
having  all  of  these  individuals  highly  creative  in  their  work.  It  may  be 
more  realistic  to  hope  that  a  relatively  small  percentage  will  be  highly 
creative  and  most  if  the  others  highly  productive.  The  plodding  scientist 
who  uses  his  special  knowledge  to  try  out  the  ideas  of  another  scientist 
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or  who  works  to  maintain  standards  is  a  very  valuable  member  of  the 
scientific  community.  The  implication  for  evaluation  is  that  multiple 
criteria  must  be  considered  and  that  different  predictors  may  be  effective 
for  different  criteria. 

Despite  criticisms  that  can  be  leveled  at  many  of  the  criteria  now  in 
use,  there  have  been  numerous  attempts  to  evaluate  tests  in  the  light  of 
these  criteria.  In  some  instances,  a  special  effort  has  been  made  to  im¬ 
prove  the  criteria  before  judging  the  tests.  The  studies  provide  clues  to 
what  may  be  expected  of  tests  and  often  point  up  weaknesses  in  the  cri¬ 
teria  themselves. 

A  variety  of  types  of  tests  has  been  used  for  predicting  the  perfor- 
m.ance  of  scientists.  A  partial  list  would  include  the  following: 

(1)  Tests  of  general  mental  ability,  suitable  for  the  intellectual  and 
educational  level  of  scientific  personnel.  These  include  such  tests  as 
the  Miller  Analogies  Test,  the  industrial  form  of  which  is  called  the 
Advanced  Personnel  Test,  the  Terman  Concept  Mastery  Test,  and  meas¬ 
ures  of  mathematical  reasoning  ability.  Although  it  may  be  maintained 
that  high  intelligence  does  not  necessarily  lead  to  creativity,  we  should 
expect  creative  scientists  to  come  from  the  high-intelligence  group. 

(2)  Tests  of  proficiency  in  more  specialized  areas.  For  example,  the 
Minnesota  Engineering  Analogies  Test  has  been  found  by  many  companies 
to  be  very  helpful  in  the  selection  of  engineers.  Tests  of  mechanical 
comprehension,  spatial  visualization,  and  abstract  reasoning  have  also 
been  found  to  be  useful  predictors  of  scientific  success. 

(3)  Interest  measures.  In  several  organizations,  selected  scales  of 
the  Strong  Vocational  Interest  Blank  and  the  Study  of  Values  by  Allport, 
Vernon,  and  Lindzey  have  offered  leads  for  further  study. 

(4)  Tests  of  productive  or  creative  thinking.  In  these  the  subject  may 
be  presented  with  situations,  often  hypothetical,  and  asked  to  propose  pos¬ 
sible  conseouences.  Some  tests  of  this  type  have  been  strikingly  effec¬ 
tive  in  specific  instances,  showing  high  correlations  with  measures  of 
creative  ability  and  originality.  A  limitation  of  this  type  of  instrument 
is  the  difficulty  of  evaluating  the  responses  and  the  need  for  regular  re¬ 
view  of  the  items  to  determine  their  continued  suitability.  The  advances 
of  science  may  convert  many  of  the  imaginary  situations  of  this  year  into 
reality  next  year. 

(5)  Measures  of  word  association,  visual  imagery,  associational  flu¬ 
ency,  and  ideational  fluency.  Such  tests  have  been  found  promising  in 
some  studies.  Many  of  these  are  still  in  research  stages  and  undergoing 
experimental  verification. 

(6)  Special  apparatus  such  as  the  Logical  Analysis  Device.  This  is  a 
simple  machine  that  can  be  used  to  observe  how  an  individual  goes  about 
solving  a  problem  when  he  has  been  taught  the  proper  procedure  and  given 
access  to  all  the  information  he  needs.  The  style  of  attack  has  been 
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found  to  vary  over  quite  a  range.  This  device  has  been  found  useful  in 
predicting  the  effectiveness  of  computer  programmers  and  in  distin¬ 
guishing  between  “doers”  and  “thinkers”  in  a  group  of  engineers. 

(7)  Personality  measures  such  as  the  Rorschach  and  Thematic  Apper¬ 
ception  Test.  Anne  Roe*  has  used  these  tests  along  with  other  proce¬ 
dures  in  intensive  studies  of  eminent  scientists.  Clues  pointing  to  dif¬ 
ferences  among  various  scientific  groups  have  emerged  from  some  of  the 
studies.  I  do  not  believe,  however,  that  Roe  would  recommend  these 
personality  measures  as  selection  devices. 

This  is  not  an  exhaustive  review  of  tests  that  have  been  used  to  pre¬ 
dict  scientific  success  but  it  may  serve  to  indicate  that  a  number  of 
types  and  a  much  larger  number  of  specific  tests  have  been  studied.lt  is 
desirable  to  keep  in  mind  that  although  many  of  these  tests  have  been 
found  useful  in  some  situations,  they  have  also  been  found  useless  in 
others. 

The  problem  of  using  tests  is  complicated  by  being  intimately  related 
to  the  problem  of  evaluation  of  personnel  and  no  single  test  or  group  of 
tests  is  universally  effective.  Furthermore,  tests  should  never  be  stu¬ 
died  alone  in  the  selection  situation,  but  in  conjunction  with  other  pre¬ 
dictors  that  may  be  obtained  for  applicants,  such  as  interview  evaluatior^ 
eductational  background,  etc.  Obviously  it  would  be  most  desirable  for 
each  organization  interested  in  using  tests  to  have  a  highly  trained  per¬ 
son  design  a  study.  This  design  would  take  into  consideration  the  parti¬ 
cular  conditions  existing  in  the  organization,  and  indicate  the  tests  to 
be  tried.  An  important  part  of  the  plan  would  be  a  careful  description  of 
how  the  tests  are  to  be  evaluated.  Thinking  through  the  problems  of  the 
criteria  for  evaluation  may  be  highly  profitable  even  if  particular  tests 
prove  ineffective. 

As  is  often  true  in  the  work  of  the  scientists  who  have  been  selected, 
frustration  is  a  concomitant  of  work  in  the  personnel  selection  area.  The 
adoption  of  a  procedure  that  is  scientific  in  its  approach  in  evaluating 
all  available  information,  including  test  scores,  will  reduce  frustration 
much  more  than  reliance  on  the  claimed  merits  of  a  specific  test. 
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RESULTS  AND  ACHIEVEMENTS  TO  DATE:  THE  FAILURES  AND 
SUCCESSES  OF  CURRENT  GUIDANCE  PRACTICES* 


Geoi^e  A.  Pierson 
Queens  College,  Flushing,  N,  Y. 

In  the  winter  edition  of  the  Journal  of  Counseling  Psychology,  1958, 
C.  Gilbert  Wrenn*  published  an  interesting  lament.  He  commented  on  the 
status  of  counseling  psychology  and  concluded:  (1)  that  counseling  psy¬ 
chology  has  the  lowest  rating  of  any  specialization  in  psychology  re¬ 
quiring  the  Ph.D;  (2)  that  no  one  has  yet  developed  a  satisfactory  theory 
of  vocational  choice;  and  (3)  that  B.  F.  Skinner’s  research  in  learning 
suggests  that  counseling  psychologists  may  be  reinforcing  the  “sick” 
behavior  of  their  clients.  “How  much  more  excitement,”  exclaimed  Wrenn 
in  despair,  “can  a  no-longer-young  psychologist  handle.” 

The  Struggle  for  Purpose  in  Guidance 

Most  readers  of  this  periodical  know  that  Wrenn  is  now  working  on  a 
project  organized  by  the  American  Personnel  and  Guidance  Association, 
Washington,  D.C.,  to  define,  if  possible,  the  terms  “personnel”  and 
“guidance”  and  to  decide  what  personnel  and  guidance  workers  and/or 
counseling  psychologists  should  be  doing. 

The  guidance  movement  lacks  clarity  of  purpose  for  good  reason. 
When  Western  man  uses  his  science  to  investigate  himself  and  the  society 
he  has  produced,  he  is  confronted  at  once  with  a  paradox.  For  his  science 
implies  that  behavior  is  caused  and  predictable,  but  he  has  built  his 
society  upon  the  idea  of  personal  responsibility  and  freedom.  The  be¬ 
havioral  scientist  finds  himself,  therefore,  attempting  to  explain,  predict, 
and  control  human  behavior  in  a  society  where  men  believe  that  they  are 
free  and  responsible  for  their  own  acts.  All  behavioral  scientists  face 
this  paradox.  Since  the  guidance  worker,  in  part  at  least,  attempts  to  be 
a  behavioral  scientist,  he  must  face  this  paradox  also. 

Edward  Joseph  Shohen,  Jr.*  has  made  this  point  clean  “The  technical 
power  of  science  and  its  growth  in  prestige  has  led  scientists  to  divorce 
themselves  from  the  humanistic  traditions  represented  in  history,  litera¬ 
ture,  and  philosophy.  This  conflict  is  only  symbolized  by,  not  restricted 
to,  the  tension  between  behavioral  scientists  and  professors  in  the  hu¬ 
manities  on  university  campuses.  While  it  is  true  that  the  humanistic 
traditions  embody  conservative  as  well  as  liberal  conceptions  and,  like 
any  tradition,  tend  to  crystallize  at  times  into  bigotry  and  closed-minded- 
ism,  they  also  are  the  carriers  of  recurrent  insights  and  ideas  about  the 
most  rewarding  relationships  between  man  and  man,  man  and  society, 
and  —  for  those  who  are  interested  —  man  and  those  Powers  other  than 

^This  paper  was  presented  at  a  meeting  of  the  Division  on  March  20,  1961* 
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himself  that  he  perceives  in  the  universe.  Such  ideas,  confused  and  con¬ 
tradictory  as  they  sometimes  are,  constitute  the  basis  of  wisdom,  guides 
evolved  over  history  to  the  choices  men  must  make  in  living  their  lives. 
They  represent  the  behavioral  prescriptions  in  varied  and  often  incom¬ 
patible  terms  that  define  the  varieties  of  the  “good  life”  that  the  social 
sciences  can  be  instrumental  in  achieving  but  which  science  itself  can¬ 
not  define.” 

Guidance  workers  have  been  slow  to  recognize  this  contradiction  in 
assumptions.  We  have  not  always  understood  that  science  is  a  technique 
that  may  be  used  to  achieve  a  variety  of  purposes.  The  fact  that  values 
lie  outside  the  techniques  of  science  and  that  science  is  not  an  end  in 
itself  has  not  always  been  clear  to  us.  The  field  of  guidance  has  not, 
as  yet,  produced  men  of  sufficient  stature  to  deal  with  this  fundamental 
contradiction.  The  Western  World,  in  fact,  has  not  produced  such  men. 
However,  guidance  workers  should  at  least  appreciate  the  magnitude  of 
the  problem  they  face.  They  should  understand  the  inconsistency  of  be¬ 
lieving  that  behavior  is  caused  while  also  believing  that  men  are  free. 
We  should  certainly  stop  the  unproductive  business  of  trying  to  escape 
this  paradox  through  opinion  polls,  discussion,  and  surveys. 

Guidance  workers  face  a  second  paradox  concerning  the  way  educa¬ 
tion  should  be  conducted  in  our  democracy.  Thomas  Jefferson  sponsored 
the  principle  of  student  selection  for  education.  Andrew  Jackson  re¬ 
jected  it.  American  educators  concurrently  accept  and  reject  the  prin¬ 
ciple  of  student  selection. 

You  will  recall  that  Jefferson’s  plan  for  educating  the  people  of 
Virginia  was  based  upon  the  principle  of  selection.  He  proposed  to  form 
in  every  county  small  districts  of  five  or  six  miles  square  and  in  each  of 
these  to  establish  an  elementary  school.  The  boy  of  “best  genius”  in 
each  elementary  school  was  to  be  selected  each  year  and  sent  forward 
to  grammar  school  and  the  best  half  of  the  boys  in  the  grammar  schools 
were  eventually  to  be  sent  on  to  the  College  of  Virginia. 

Jackson  rejected  the  principle  of  selection.  The  Jacksonian  doctrine 
of  education  is  well  expressed  by  a  historian  of  the  Jacksonian  period, 
George  Bancroft:*  “Let  the  waters  of  intelligence,  like  the  rains  of 
heaven,  descend  upon  the  whole  earth...  The  prejudices  of  ignorance  are 
more  easily  removed  than  the  prejudices  of  interest;  the  first  are  blindly 
adopted;  the  second  are  wilfully  preferred!  Intelligence  must  be  diffused 
among  the  whole  people;  truth  must  be  scattered  among  those  who  have 
no  interest  to  suppress  its  growth...  It  is  alone  by  infusing  great  prin¬ 
ciples  into  the  common  mind  that  revolutions  in  society  are  brought 
about.  They  never  have  been,  they  never  can  be,  effected  by  superior 
individual  intelligence.” 

Today  education  for  all  is  accepted  as  a  necessity.  The  tax-supported 
public  school  is  taken  for  granted.  All  responsible  citizens  subscribe  to 
the  principle  that  each  individual  in  our  society  is  entitled  to  the  most 


r 


52  TRANSACTIONS 

appropriate  and  best  education  for  him  as  a  person.  The  opportunity  to 
develop  one’s  capacities  to  the  full  has  risen  to  the  status  of  life, 
liberty,  and  the  pursuit  of  happiness  as  an  inalienable  right. 

However,  we  cannot  agree  as  to  what  constitutes  the  best  education 
for  each  individual.  Should  education  be  “basic”  or  “progressive?” 
What  about  the  question  of  separate  but  equal  educational  facilities? 
Should  financial  need  be  taken  into  account  in  awarding  scholarships? 
Is  an  opportunity  to  try  one’s  hand  at  tests  of  admission  to  an  educational 
program  enough?  Or  should  everyone  have  an  opportunity  to  try  his  hand 
at  the  program  itself?  If  an  individual  fails  a  program,  should  he  be  per¬ 
mitted  to  try  again?  If  so,  how  many  times  should  he  be  permitted  to  fail 
and  try  again?  These  questions  are  “old  hat”  to  guidance  workers,  but 
unfortunately,  guidance  workers  have  contributed  little  to  the  task  of 
providing  satisfactory  answers. 

Guidance  workers  face  a  third  paradox  within  the  field  of  guidance 
itself.  Most  workers  think  of  themselves  as  specialists:  specialists  in 
counseling,  specialists  in  testing,  specialists  in  the  development  and 
use  of  career  information.  They  think  of  the  guidance  movement  as  an 
effort  to  overcome  the  tendency  of  systems  of  mass  education  to  produce 
specialists  and  thereby  become  impersonal.  Guidance  workers  find  them¬ 
selves  in  the  awkward  position,  therefore,  of  being  specialists  in  over¬ 
coming  the  harmful  effects  of  specialization! 

Dael  Wolfle^  has  estimated  recently  that  knowledge  in  the  natural 
sciences  is  doubling  every  15  years  and  that  knowledge  in  the  social 
sciences  is  doubling  every  30  to  45  years.  The  magnitude  of  information 
available  and  the  complex  nature  of  modem  society  force  man  to  special¬ 
ize.  However,  specialization  brings  a  host  of  problems,  particularly  in 
education.  There  are  extremely  difficult  problems  arising  from  the  fact 
that  teachers  and  students  must  specialize  in  subject  matter  areas.  The 
problems  involved  in  dividing  the  task  of  educating  an  individual  are 
overwhelming. 

The  confusion,  uncertainty,  and  vagueness  of  purpose  characterizing 
the  field  of  guidance  today  must  be  understood  and  evaluated,  it  seems 
to  me,  in  terms  of  the  paradoxes  I  have  described.  Most  unsolved  problems 
in  guidance  are  related  to  unreconciled  assumptions.  As  the  world  de¬ 
velops  a  clearer  conception  of  the  function  of  science,  as  the  nation 
makes  up  its  mind  about  the  selection  of  students  for  education,  and  as 
guidance  workers  decide  whether  they  are  specialists  essentially  or 
coordinators  of  service  essentially,  guidance  objectives  must  evolve. 

Viewed  from  this  perspective,  the  stmggle  for  purpose  in  guidance 
has  new  meaning.  It  is  obvious  that  we  cannot  hope  to  find  purpose 
through  a  simple  devotion  to  science  alone.  We  are  not  likely  to  discover 
purpose  through  the  behavioral  sciences  from  which  we  have  borrowed 
many  of  our  techniques.  We  cannot  discover  purpose  within  the  confines 
of  our  own  professional  organizations.  Our  purpose  becomes  that  of 
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participating  in  the  continuous  struggle  of  Western  man  for  purpose: 
purpose  nationally  and  purpose  in  the  world  itself. 

From  this  lofty  view,  what  can  be  said  of  our  successes  and  failures 
in  guidance  during  the  50  years  the  movement  has  been  in  existence? 
What  have  we  done?  What  have  we  failed  to  do?  What  about  the  future  of 
this  work  to  which  so  many  of  us  have  given  our  energies,  our  best 
efforts,  and  our  professional  lives? 

Research  in  Guidance 

In  1933  Strang’  examined  the  research  that  had  been  done  in  guidance 
and  concluded  that  much  had  been  attempted  but  little  accomplished.  In 
1957  Ruth  Barry  and  Beverly  Wolf*  brought  the  Strang  examination  of 
guidance  research  up  to  date  and  reported  that  Strang’s  conclusion  still 
applied.  They  deplored  the  paucity  of  guidance  research.  They  complained 
that  the  question  “What  is  guidance  research? ’’has  never  been  answered. 
They  documented  the  fact  that  research  and  evaluative  techniques  are 
neglected  in  guidance  training,  and  they  concluded  that  improvement  will 
probably  not  take  place  until  guidance  workers  are  better  prepared  to  do 
research. 

The  fact  is  that  today’s  guidance  practices  have  not  been  evaluated 
scientifically.  We  simply  do  not  know  how  successful  guidance  practices 
such  as  orientation,  faculty  advising,  psychological  counseling,  place¬ 
ment,  and  student  self-government  have  been.  I  can  describe  guidance 
systems  that  are  believed  to  be  successful.  I  can  review  the  meager 
attempts  that  have  been  made  to  evaluate  guidance  practices.  However, 

I  cannot  produce  conclusive  scientific  evidence  that  guidance  workers 
have  succeeded  or  failed.  The  best  I  can  do  is  to  submit  my  considered 
judgment  as  to  our  present  status. 

Successes 

I  shall  describe  what  I  regard  as  our  successes  in  guidance  in  terms 
of  three  general  statements. 

(l)/n  the  secondary  schools  and  colleges  ol  the  United  States  guidance 
has  achieved  recognition  as  a  necessity.  It  is  well  known  that  guidance 
is  considered  an  important  aspect  of  national  defense.  It  is  ranked  with 
mathematics,  science,  and  languages  as  a  vital  area  to  be  strengthened 
through  the  provisions  of  the  National  Defense  Education  Act.  During 
the  fiscal  year,  July  1,  1959  to  June  30,  1960,  20  million  dollars  were 
dispensed  by  the  federal  government  in  support  of  guidance  programs. 
There  are  approximately  11,500  counselors  in  the  secondary  schools  of 
the  United  States.  One  counselor  is  now  available  for  every  600  students. 
Twenty  years  ago  the  ratio  was  1  counselor  for  every  3000  students. 
During  the  years  1959  and  1960  seven  million  tests  were  given  for  gui¬ 
dance  purposes.  Fifty  states,  the  District  of  Columbia,  and  three  terri- 
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tories  participate  in  federally  sponsored  programs.  State  departments  of 
education  employ  approximately  180  full-time  workers  to  supervise  gui¬ 
dance  activities. 

Guidance  services  are  recognized  and  well  established  in  the  colleges 
and  universities  of  the  United  States.  E.  G.  WUliamson^  has  shown  that 
other-than-classroom  services  have  always  been  available  to  students  in 
institutions  of  higher  learning.  Where  students  are,  things  go  wrong,  and 
something  has  to  be  done.  The  present  organizational  pattern  of  student 
personnel  services,  which  includes  guidance,  was  well  established  by 
1930.  In  the  beginning,  guidance  programs  in  institutions  of  higher  learn¬ 
ing  were  corrective;  later  they  were  preventive;  today  we  hope  they  con¬ 
tribute  to  the  development  of  each  student  as  a  person. 

(2)  Guidance  workers  have  avoided  the  search  for  an  easy  answer  and 
have  faced  the  fact  that  the  helping  situation  has  many  dimensions, 
Guid  ance  has  not  been  destroyed  or  replaced  by  any  of  the  numerous 
educational  and  other  social  innovations  that  came  to  flower  during  the 
first  half  of  the  20th  century.  It  survived  competition  and  became  a 
necessity.  Guidance  workers  were  too  close  to  the  troubles  of  the  day  to 
be  led  astray  by  easy  solutions  or  to  be  deceived  for  long  by  the  im¬ 
practical.  Guidance  soon  broke  the  confines  of  the  vocational  guidance 
movement  that  gave  it  birth.  Progressive  education  made  an  unsuccess¬ 
ful  attempt  to  ingest  guidance.  Guidance  wod^ers  refused  to  become 
merely  psychometrists,  for  tests  left  too  many  questions  unanswered. 
They  have  been  reluctant  to  regard  themselves  as  mental  hygienists,  for 
they  cannot  accept  the  idea  that  persons  with  behavior  problems  should 
always  be  treated  as  if  they  were  victims  of  some  disease  state.  They 
have  joined  no  school  of  counseling,  for  they  use  the  interview  essen¬ 
tially  to  influence  the  growth  and  development  of  individuals  and  not  to 
practice  psychotherapy.  Most  guidance  workers  have  found  the  group  dy¬ 
namics  (or  group  processes)  movement  less  than  satisfying,  and  few  have 
made  the  pilgrimage  to  Bethel,  Me. 

The  guidance  worker  both  coordinates  and  administers  services.  While 
he  brings  to  the  helping  situation  skill  in  testing,  skill  in  interviewing, 
and  a  knowledge  of  educational  and  work  opportunities,  he  recognizes 
(1)  that  growing  and  developing  individuals  need  help  from  a  variety  of 
sources,  and  (2)  that  some  need  help  from  individuals  and  groups  repre¬ 
senting  not  only  different  fields  of  interest  and  specialization  but  differ¬ 
ent  levels  of  competence.  He  knows  that  peers,  parents,  and  teachers 
may  help.  He  knows  that  groups,  agencies,  and  institutions  may  help. 
He  knows  that  an  interview  may  be  conducted  for  many  purposes  and  at 
different  levels  of  intensity.  He  knows  that  an  interviewer  may  establish 
many  kinds  of  relationships  with  an  interviewee.  He  recognizes  permis¬ 
sive,  nonevaluative  counseling  as  but  one  of  these  relationships.  The 
guidance  worker  does  not  cringe,  therefore,  when  he  becomes  involved 
in  certain  necessary  and  important  administrative  procedures. 
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The  guidance  worker  also  knows  that  assistance  from  adults  can 
harm  as  well  as  help  adolescents.  He  knows  that  character  is  formed  and 
maturity  is  achieved  when  students  are  required  to  handle  many  of  their 
own  problems.  He  knows  that  psychological  explanations  can  be  used  by 
students  to  avoid  responsibility.  He  knows  that  the  problems  and  frus¬ 
trations  of  normal  living  can  be  the  stuff  out  of  which  strong  men  are 
made. 

The  guidance  worker  understands  that  the  task  of  assisting  the  college 
student  without  weakening  the  student’s  initiative  and  self-reliance^  is 
difficult,  complex,  and  often  fraught  with  failure.  He  struggles  constantly, 
therefore,  to  discover  the  kind  of  help  students  really  need  and  to  per¬ 
fect  the  art  of  administering  that  help  constructively.  He  does  not  sub¬ 
scribe  to  the  myth  that  a  simple  ’’scientific”  solution  can  be  discovered 
for  all  human  relations  problems. 

(3)  Guidance  workers  have  maintained  their  independence  from  clinical 
psychology,  education,  social  work,  and  psychiatry.  While  guidance 
workers  cannot  agree  among  themselves,  they  unite  to  resist  adoption  or 
capture  by  any  other  group.  The  American  Personnel  and  Guidance  Asso¬ 
ciation  is  composed  of  six  obstreperous  divisions  with  a  combined  total 
membership  of  1 3,000  persons.  The  National  Association  of  Women  Deans 
and  Counselors  and  the  National  Association  of  Student  Personnel  Ad¬ 
ministrators  have  refused  to  become  divisions  of  the  American  Personnel 
and  Guidance  Association.  The  National  Association  of  Women  Deans 
and  Counselors  is  a  unit  of  the  National  Education  Association,  Wash¬ 
ington,  D.  C.  However,  the  American  Personnel  and  Guidance  Associa¬ 
tion  has  refused  to  affiliate  with  the  National  Education  Association. 
The  American  Personnel  and  Guidance  Association  has  no  official  con¬ 
nection  with  the  American  Psychological  Association.  It  has  little  in¬ 
terest  in  the  American  Psychiatric  Association.  Both  of  these  organiza¬ 
tions  also  have  headquarters  in  Washington,  D.  C. 

Since  personnel  and  guidance  workers  have  remained  sceptical  of  the 
mental  health  idea,  they  have  not  permitted  the  center  of  gravity  of  their 
job  concept  to  shift  from  ’’development”  to  ’’therapy.”  Most  workers 
have  resisted  the  pat  answers  of  psychiatry  to  the  problems  of  individual 
behavior.  They  have  found  it  impossible  to  de-emphasize  the  concept  of 
individual  responsibility.  They  have  not  adopted  the  language  of  the 
psychiatric  clinic  as  have  clinical  psychologists,  social  woriters,  and  - 
to  an  extent  that  is  amazing  -  even  elementary  school  teachers.  Such 
terms  as  parental  rejection,  sibling  rivalry,  ego  strength,  escape  mechan¬ 
ism,  personality  dynamics,  transference,  and  psychosexual  development, 
do  not  roll  off  the  tongues  of  guidance  people  quite  so  easily  as  they 
roll  off  the  tongues  of  other  workers.  Guidance  workers  have  been  rea¬ 
sonably  successful  in  the  struggle  to  retain  their  unique  function  without 
being  drawn  into  therapeutic  relationships  forwhich  they  are  notprepared. 

In  summary,  then,  our  successes  are  as  follows:  (1)  guidance  has 
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achieved  recognition  as  a  necessary  educational  service;  (2)  guidance 
workers  have  established  a  multidimensional  concept  of  the  helping 
situation;  and  (3)  guidance  workers  have  demonstrated  their  unique  func¬ 
tion  in  education,  and  they  have  maintained  their  independence  from  other 
professional  groups. 

Failures 

As  the  achievements  of  guidance  workers  are  related  to  the  struggle 
for  purpose,  so  are  their  failures. 

(1)  Guidance  workers  have  failed  to  contribute  significantly  to  a  re¬ 
conciliation  of  the  paradox  of  predictable  behavior  and  individual  re¬ 
sponsibility. 

(2)  They  have  failed  to  contribute  as  they  should  have  contributed  to  a 
solution  of  the  problem  of  student  selection.  Guidance  workers  know  more 
about  the  process  of  selecting  students  for  educational  programs  than 
they  have  been  willing  or  able  to  put  into  practice.  They  have  failed  to 
provide  the  leadership  necessary  to  establish  effective  selection  pro¬ 
cedures. 

(3)  Guidance  workers  have  failed  to  produce  a  body  of  knowledge,  a 
repertory  of  techniques,  and  a  philosophy  that  entitles  them  to  recogni¬ 
tion  as  a  full-fledged  profession:  (a)  we  have  no  clear  guidance  vocabu¬ 
lary;  (b)  we  cannot  agree  as  to  the  content  and  methodology  of  an  ade¬ 
quate  training  program  for  guidance  workers;  (c)  we  cannot  decide  whether 
the  guidance  worker  should  provide  client  services  primarily  or  coor¬ 
dinate  the  services  of  others  primarily;  (d)  we  cannot  agree  as  to  the 
kinds  of  other-than-teaching  services  that  are  appropriate  in  an  educa¬ 
tional  institution;  and  (e)  we  have  not  established  a  united  professional 
association. 


The  Future 

Despite  our  failures,  I  am  optimistic  about  the  future  of  guidance.  I 
am  naive  enough  to  believe  that  a  time  of  crisis  is  a  time  of  special 
opportunity.  I  also  believe  that  conflicting  ideas  have  creative  potential. 
I  am  convinced  that  the  need  for  guidance  is  real  and  universal,  and  I 
have  faith  in  the  ability  of  guidance  workers  to  find,  within  the  context 
of  world  struggle  for  purpose,  clear  and  compelling  objectives  for  the 
gui  dan  ce  mo  vem  en  t 

College  counselors,  I  am  confident,  will  eventually  take  considerable 
responsibility  for  facilitating  changes  in  the  behavior  of  students.  They 
will  marshall  the  guidance  resources  of  the  college  and  community  for 
the  use  of  students  and  faculty  members.  They  will  help  students  dis¬ 
cover  and  adopt  appropriate  goals.  They  will  find  ways  to  motivate  stu¬ 
dents  toward  higher  achievement  and,  when  a  student  is  unable  to  cope 
with  his  situation,  they  will  find  ways  to  help  him  without  weakening  or 
destroying  his  initiative  and  self-reliance. 
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College  counselors  in  time,  I  believe,  will  learn  to  live  with  and  con¬ 
tribute  to  both  science  and  a  free  society.  They  will  use  the  techniques 
of  science  to  explore  the  complexities  of  the  helping  situation  and  to 
discover  the  positive  and  negative  elements  in  it.  However,  they  will 
also  use  the  techniques  of  science  to  promote  the  values  upon  which 
true  democracy  rests:  the  right  of  the  individual  to  develop  his  capacities 
to  the  full;  the  right  of  the  individual  to  be  responsible;  the  right  of  the 
individual  to  be  more  than  a  mechanism,  the  right,  in  fact,  to  be  a  human 
being. 
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DIVISION  OF  MA  THEM  A  TICS 

SYMBOLIC  LOGIC  AND  COMPUTING  MACHINES: 

SOME  GENERAL  REFLECTIONS  AND  PREJUDICES* 

B.  Dunham,  R.  Fridshal  and  J.  H.  North 

International  Businaas  Machines  Corporation,  Thomas  J . 

H'a/son  Research  Center,  Yorktown  Heights,  N.  Y. 

The  title  of  this  paper  is  perhaps  misleading.  We  are  part  of  a  small 
research  group  which  has  studied  for  a  number  of  years  the  interrelation¬ 
ship  of  logic  and  computing  machines.  Although  logic  in  many  cases  has 
served  as  a  special  aid,  not  all  of  the  projects  we  have  undertaken  (for 
example,  machine  learning)  have  borne  strict  relationship  to  that  sub¬ 
ject.  Nevertheless  we  believe  these  various  projects  to  be  meaningfully 
related  to  one  another;  therefore  a  broad  statement  of  our  diverse  experi¬ 
ence  and  prejudice  might  reasonably  be  called  “Symbolic  Logic  and  Com¬ 
puting  Machines.” 

If  we  raise  the  question  generally  wherein  logic  might  concern  the 
computer  and  vice  versa,  it  is  helpful  to  think  of  the  computer  in  its 
threefold  guise.  First  (and  hindmost),  a  computer  is  a  body  of  hardware. 
Various  “black  boxes”  are  tied  together  to  form  larger  black  boxes, 
which  in  turn  connect  up  with  still  more  black  boxes.  These  boxes,  by 
and  large,  are  input-output  devices  that  may  or  may  not  retain  information 
in  transit  for  significant  periods  of  time.  The  smaller,  more  elementary 
ones  often  perform  operations  that  admit  of  surprising  correlation  with 
elementary  particles  from  logic,  specifically  those  of  truth-function  theo¬ 
ry.'  The  letter  is  that  branch  of  the  subject  that  deals  with  connectives 
such  as  ancf,  or,  not,  and  then  more  complicated  connectives  that  can  be 
derived  from  these.  Because  of  this  correlation,  we  can  sometimes  re¬ 
duce  an  engineering  question  to  a  logical  one.  Two  typical  problems 
upon  which  logical  studies  might  (hopefully)  shed  light  are:  (1)  which 
selections  of  boxes,  viewed  logically,  will  best  serve  the  needs  of  design, 
and  (2)  how  are  the  boxes  to  be  put  together  most  effectively  in  given 
cases  ? 

In  its  second  guise,  the  computer,  without  reference  to  hardware,  is 
a  set  of  abstract  operations,  generally  upon  binary  numbers.  Here  again 
there  are  possible  correlations  with  logic.  We  combine  computer  opera¬ 
tions  in  various  ways  to  produce  computer  programs.  The  latter  may  be 
viewed  as  effective  functions  that  generate  given  outputs  from  given  in¬ 
puts.  Such  abstract  questions  as  which  functions  are  effective  or  which 
domains  of  problems  can  be  solved  by  a  simple  method  stated  in  advance 
fall  within  the  province  of  logic. 

*Thla  p^>er  was  praaented  at  a  meaUng  of  the  Dlvlalon  on  March  8,  1961. 
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In  its  third,  most  important  role,  the  computer  is  a  source  of  problem¬ 
solving  power.  Here  there  is  great  concern  not  only  to  define  the  limits 
of  that  power  but  also  to  bring  it  to  bear  effectively  on  great  varieties  of 
problems.  The  logician  might  typically  pose  the  question  how  well  the 
machine  can  do  logic,  in  the  sense  of  testing  nontrivial  formulae  for 
theoremhood.*  He  might  then  attempt  to  set  up  powerful  theorem-testing 
programs. 

In  a  brief  paper  it  would  be  pointless  to  try  to  summarize  our  different 
projects  and  results,  much  less  the  general  state  of  the  art.  On  the  other 
hand,  we  have  been  asked  to  speak  with  generality  and  not  to  confine 
ourselves  to  a  given  issue.  The  compromise  we  adopt  is  as  follows.  There- 
are  certain  root  points  of  view  we  have  come  to  accept,  largely  as  a  re¬ 
sult  of  hindsight.  These,  once  formulated,  we  have  found  helpful,  even 
though  in  some  cases  they  are  rather  trivial  and  in  others  are  not  ac¬ 
cepted  by  the  majority  of  our  colleagues.  We  do  not  claim  originality  for 
any  of  them.  Nevertheless  we  feel  they  add  up  to  a  certain  "know  how,” 
and  therefore  we  shall  present  a  limited  statement  of  them. 

The  first  observation  we  propose  to  make  is  that  a  single-ballot  elec¬ 
tion  proves  little.  A  surprising  number  of  so-called  "computer  experi¬ 
ments”  are  nothing  more  than  single-ballot  elections.  Suppose  we  visu¬ 
alize  a  system  S  for  solving  problems  P.  We  believe  that  a  certain  factor 
F,  if  incorporated  into  S,  will  prove  helpful.  An  "experiment”  is  then 
run  as  follows.  A  somewhat  simplified  system  S,  incorporating  F,  is 
embodied  within  the  computer.  Some  elementary  problems  P  are  posed, 
and  some  solved.  The  experimenter  then  announces  positive  confirmation 
of  the  thesis  that  F  helps  S  solve  P.  The  difficulty  with  the  experiment 
is  apparent.  The  candidacy  of  F  has  been  tested  without  competition.  We 
do  not  know  how  S  would  have  fated  without  F,-or  with  a  different  factor 
G  instead  of  F.  Often,  the  experiment  deals  with  problems  so  simplified 
that  some  such  factor  G,  superior  to  F,  is  readily  apparent;  but  the  ex¬ 
perimenter  may  then  exclude  G  on  the  ground  that  it  is  "trivial”  to  tackle 
P  using  S  with  G.  In  one  so-called  "historic”  experiment,  the  experimen¬ 
ter  ran  a  slight  variation  of  the  single  ballot  election.  He  gave  his  candi¬ 
date  an  opponent,  but  the  latter  was  a  paralyzed  moron,  that  is,  he  chose 
the  worst  possible  factor  G  to  compete  against  his  proposed  F. 

Closely  related  to  single  ballot  elections  are  what  we  sometimes  call 
within  the  group  "rat-psychology  experiments.”  Suppose  we  become  in¬ 
terested  in  the  behavior  of  people.  We  may  have  difficulty  carrying  out 
certain  types  of  controlled  experiments.  Therefore  we  study  rats.  Very 
precise  results  may  be  obtained,  and  we  may  gain  considerable  insight. 
Unless  that  insight,  once  explicit,  can  be  tested  with  respect  to  the 
larger  situation,  however,  we  must  be  wary  of  extrapolation.  A  rat  psy¬ 
chology  experiment  without  a  future  is  a  rat  psychology  experiment 
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without  a  future.  Let  us  present  an  illustration  from  our  own  archives. 
We  collaborated  with  Friedberg  on  the  second  half  of  a  learning  machine 
experiment.*  Results  were  obtained  for  simple  problems  that  could  easily 
be  broken  down  into  parts  and  these  parts  ordered  in  terms  of  difficulty. 
The  results  were  pertinent  for  the  problems  in  question,  but  had  little 
relevance  for  systems  handling  larger,  less  obedient  problems.  Actually, 
a  rat  psychology  situation  arises  not  so  much  from  the  experiment  itself, 
but  rather  from  the  professed  motivation  and  subsequent  claims  to  exer¬ 
cise  generality.  This  is  only  human,  since  it  is  easy  to  control  a  small 
situation  and  make  large  claims.  Moreover,  of  course,  there  is  always 
the  problem  of  selling  the  experiment.  The  government,  for  example, 
might  show  little  interest  in  a  project  to  cause  a  computer  to  play  a  good 
game  of  zippo;  but  if  the  government  could  be  convinced  that  zippo  is  a 
game  of  strategy  and  that  the  project  in  question  might  provide  insight 
toward  the  evolution  of  a  computer  system  to  produce  effective  strategy 
decisions  for  important  problems  of  state,  then  the  government  might 
agree  to  finance  the  project. 

Much  of  this  methodological  fumbling  arises  from  the  fact  that  it  is 
difficult  to  make  the  computer  per  se  an  object  of  scientific  curiosity. 
The  physicist  studies  by  well-established  methods  a  universe  that  is 
“there”;  and  reluctant  nature  serves  not  only  as  a  guide,  but  also  as  a 
check  upon  proposed  theories.  The  mathematician  may  speculate  broadly, 
but  acceptance  is  generally  based  upon  proof  or  disproof  by  methods  of 
known  currency.  Suppose  in  studying  computers  we  wish  to  go  beyond 
mere  performance  statistics.  We  propose  a  certain  theory,  or  point  of  view. 
How  shall  we  find  confirmation,  or  disconfirmationPWe  may  set  up  a  com¬ 
puter  experiment  in  which  an  idealized  situation  is  examined.  In  order 
to  achieve  controls,  we  simplify  greatly.  A  “rat-psychology”  experiment 
may  follow. 

On  the  other  hand,  we  may  attempt  to  resolve  the  question  by  purely 
formal  or  mathematical  studies.  Here  again  there  are  difficulties.  By  and 
large,  the  average  computer  is  too  vast  a  system  to  be  considered  in 
purely  formal  terms.  In  a  well-known  paper*  Turing  showed  that  any  func¬ 
tion,  computable  at  all,  can  be  computed  by  a  very  economical  machine 
satisfying  some  very  simple  requirements.  He  then  showed  that  certain 
of  these  machines  are  “universal”,  in  the  sense  that  they  can  compute 
any  computable  function.  A  number  of  related  theorems  were  obtained, 
these  results  being  possible  largely  because  of  the  great  economy  of  the 
machines  studied.  To  some  extent,  these  theorems  apply  to  actual  com¬ 
puters.  Generally  speaking,  however,  they  clarify  only  what  might  be 
termed  extreme  “boundary”  questions.  In  fact,  we  are  faced  with  a  di¬ 
lemma  analogous  to  that  mentioned  earlier.  The  typical  computer  is  a 
well-defined  object,  but  large.  If,  to  achieve  manageable  mathematics, 
we  hypothesize  a  greatly  simplified  machine,  our  results  may  not  apply  in 
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cases  of  real  interest.  For  example,  suppose  we  wish  to  study  ways  of 
shortening  computer  programs.  The  analogy  here  between  machines  in  use 
and  Turing  machines  is  remote. 

Probably  the  greatest  understanding  of  the  computer  can  be  obtained 
from  attempted  application.  We  determine  the  nature  of  the  beast  by  trying 
to  use  it.  In  building  new  machines,  however,  we  continually  go  from  the 
smaller  to  the  larger.  Questions  of  more  than  academic  interest  arise. 
Suppose  we  plan  to  build  a  computer  mightier  than  any  now  extant.  3y 
the  use  of  redundant,  self-checking  circuitry,  we  may  very  much  reduce 
the  probability  of  machine  errors.  On  the  other  hand,  we  increase  the 
complexity  of  the  machine  and  slow  down  the  operating  time.  An  appro¬ 
priate  point  of  balance  is  sought.  The  stakes  are  high,  since  a  pronoun¬ 
ced  error  either  way  would  be  costly.  Formal  studies  and  idealized  ex¬ 
periments  may  prove  helpful,  but  is  is  doubtful  they  can  settle  the  issue. 
Past  experience  with  more  limited  machines  may  prove  suggestive  but 
nonconclusive.  We  may  be  forced  to  resort  to  an  educated  guess. 

In  fact,  a  good  part  of  our  so-called  “hardware"  studies  have  been 
specifically  designed  to  eliminate  guesswork  in  so  far  as  possible.  We 
have  found,  for  example,  that  the  logical  efficiency  of  elem,entary  “black 
boxes’*  can  be  equated  with  their  versatility.*  Suppose,  other  factors 
equal,  we  wish  to  select  that  assortment  of  basic  building  blocks  that 
will  commonly  lead  to  circuits  economical  in  the  number  of  basic  units 
required.  Such  “efficiency"  is  difficult  to  measure  directly.  Often,  how¬ 
ever,  the  “versatility"  of  a  given  assortment  can  be  determined.  We  may 
discover,  for  example,  that,  with  three  units  of  one  assortment,  we  can 
carry  out  far  more  logical  operations  than  with  three  units  of  another. 
Such  added  versatility  will  generally  be  reflected  in  added  efficiency. 

Although  we  have  found  such  efficiency  studies  profitable,  by  far  the 
greatest  use  of  logic  in  hardware  studies  has  been  in  the  development  of 
algorithms  for  synthesizing  and  minimizing  circuits.  The  famous  paper  by 
Quine  is  a  good  example.*  In  this  connection,  we  have  felt  for  some  years 
that  greater  emphasis  should  be  placed  upon  approxim.ating  procedures.'* 
Generally  speaking,  questions  dealing  with  physical  reality  do  not  require 
categorical  answers.  If  we  do  not  seek  absolute  minimalities,  but  only 
near  approaches,  we  stand  to  gain  greatly  in  the  range  and  efficiency  of 
our  methods.  It  also  seems  reasonable  that  there  should  be  more  study 
of  the  problem,  how  we  design  using  complicated  logical  packages.  Any¬ 
one  who  has  tried  to  convince  circuit  designers  that  they  might  profitably 
use  less  familiar  “black  boxes"  will  appreciate  this  point. 

Of  course,  since  the  basic  objective  of  our  entire  enterprise  is  to 
obtain  greater  problem-solving  capacity,  we  need  not  only  better  compu¬ 
ters,  but  also  more  skill  in  exploiting  those  we  have.  Here  we  realize 
once  again  the  importance  of  what  might  be  termed  “application  studies". 
This  emphasis  upon  application  is  closely  related  to  an  attidudewe  enter- 
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tain  toward  problems  of  “artificial  intelligence.  We  all  know  that  com¬ 
puters  can  manipulate  numbers  with  speed  and  accuracy.  We  normally 
use  the  computer  to  solve  problems  for  which  we  have  determined  in  ad¬ 
vance  a  precise  method  of  solution.  This  method  is  translated  into  com¬ 
puter  language,  and  the  machine  set  to  work.  Without  the  computer,  the 
problem  might  be  virtually  unsolvable  because  of  the  great  number  of 
operations  required.  There  are  many  problems,  however,  for  which  we  can 
find  in  advance  no  precise  method  of  solution.  Nevertheless,  in  every 
day  life  we  often  manage  such  problems  skillfully  and  succesfully.  Some¬ 
times  we  do  not  even  know  why  a  given  strategy  was  adopted.  Our  skill 
may  also  improve  with  practice.  Because  of  such  problems  and  our  un¬ 
doubted  success  with  many  of  them,  it  is  sometimes  argued  that  the  chief 
problem  in  artificial  intelligence  is  to  cause  the  machine  to  solve  prob¬ 
lems  “the  way  in  which  people  do.“  We  do  not  deny  the  value  of  under¬ 
standing  human  problem  solving.  Nevertheless,  for  us  the  basic  problem 
in  artificial  intelligence  is  not  to  cause  the  machine  to  imitate  human 
behavior,  but  rather  to  see  how  to  exploit  the  latent  power  of  the  machine 
in  the  solution  of  certain  problems.  We  have  found,  for  example,  in  at¬ 
tempting  to  develop  powerful  programs  for  theorem  testing  and  automatic 
design,  that  methods  quite  effective  for  the  computer  are  inappropriate 
for  us  and  vice  versa.  Indeed,  the  most  powerful  theorem-testing  tech¬ 
nique  we  have  found  is  strongly  oriented  to  the  computer;*  and  we  have 
managed  design  problems,  otherwise  unsolved,  by  a  relatively  simple 
technique  of  trial-and-error  search,  easy  on  the  computer  but  unsuitable 
for  hand  calculation.*  Of  course,  it  is  no  secret  that  “monster”  movies 
still  pack  in  the  customers;  and  so  it  is  only  natural  that  overly  anthro¬ 
pomorphic  language  is  sometimes  used.  What  more  exiting  close  to  a 
speech  than  the  blunt,  Frankenstein  assertion  that  computers  will  some¬ 
day  put  all  theoretical  mathematicians  out  of  work! 

We  should  not,  however,  underestimiate  the  power  of  the  niachine.  T  he 
fact  that  it  can  succeed  using  methods  difficult  for  us  is  often  a  source 
of  hope.  Consider  the  theorem-testing  project  alluded  to  above.  When  we 
reduce  semi-intuitive  systems  to  purely  formal  ones,  we  both  gain  and 
lose.  The  chief  loss  is  in  the  added  complexity  of  operation.  There  are 
four  possible  gains.  First,  a  more  universal  system  may  be  achieved,  in 
the  sense  that  various  disciplines  related,  but  independently  derived, 
are  obtained  from  a  single  source.  Second,  we  are  often  provided  an  auto¬ 
matic  technique  for  checking  proofs.  Third,  the  formal  system  itself  can 
serve  as  a  well-defined  object  of  study,  so  that  important  metaquestions 
can  be  posed  and  answered.  Fourth,  the  formal  system  will  include  new 
logical  techniques  for  proving  theorems.  When  we  survey  the  actual  a- 
chievements  of  logicians  in  studying  mathematics  (taken  as  a  semi- 
intuitive  system),  we  find  that  the  first  three  sources  of  gain  have  proved 
most  bountiful.  On  the  other  hand,  very  few  indeed  are  the  mathematical 
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theorems  that  have  been  demonstrated  for  the  first  time  within  a  purely 
formal  system.  Nevertheless,  because  of  the  great  inherent  power  of  the 
computer,  we  are  hopeful  that  the  fourth  source  of  gain  can  also  be  ex¬ 
ploited. 

Although  there  is  advantage  in  finding  the  universal  ingredient  of 
systems  that  might  reasonably  spring  from  common  roots,  we  doubt  the 
advisability  of  what  might  be  termed  “generic”  problem  solvers.  Parti¬ 
cular  advantage  must  be  taken  of  the  particular  situation  encountered.^'* 
Playing  chess  and  testing  theorems,  for  example,  differ;  and  we  see 
little  advantage  in  combining  two  such  diverse  programs.  In  this  con¬ 
nection,  we  tend  to  regard  the  computer  as  an  aid  to  man  in  his  problem 
solving,  rather  than  as  an  entity  which,  once  set  up,  will  operate  inde¬ 
pendently.  This  means  that,  in  an  efficient  man-machine  relationship, 
there  should  be  frequent  interaction  of  the  two. 

In  closing  may  we  emphasize  a  point  mentioned  earlier.  Most  of  the  at¬ 
titudes  herein  expressed  have  been  developed  as  hindsight  upon  our  own 
failures. 
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MOLECULAR  BIOPHYSICS  OF  DYE-POLYMER  COMPLEXES 
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A  number  of  organic,  cationic  dyes  form  complexes  with  anionic  poly¬ 
mers}'*  Striking  changes  in  the  optical  properties  of  the  dyes  accompany 
complex  formation.  These  same  dyes  appear  to  exist  as  aggregates  in  con¬ 
centrated  aqueous  solutions, •»*  in  detergent  micelles,  and  in  tissues 
stained  by  the  dye.*->* 

Similarities  exist  between  the  optical  changes  associated  with  dye 
aggregation  and  those  accompanying  dye-polymer  complex  formation: 
in  dilute  aqueous  solution  the  monomer  of  a  typical  aggregating  dye,  acri¬ 
dine  orange  (AO),  emits  in  the  green  (Xmax  =  533  m/z)  and  absorbs  at 
Xmax  =  492m  fi  (f  =  56000).  In  concentrated  solution  the  aggregated  dye 
emits  in  the  red  (Xmax  =  556  m/z)  and  absorbs  at  Xmax  =  451  m^*  with  a 
lowered  extinction  coefficient  (r  =  29000).  The  green  monomeric  form  may 
be  seen  throughout  cells  stained  with  a  dilute  AO  solution  and  particu¬ 
larly  strongly  in  the  nuclei  of  living  cells  (dye  binding  to  deoxyribon- 
nucleic  acid  [DNA])  while  the  red  aggregated  form  is  seen  throughout 
cells  stained  with  more  concentrated  AO  solutions  and  particularly  strong¬ 
ly  in  the  cytoplasm  of  dead  cells  (dye  aggregation  on  ribonucleic  acid 
[RNA]).*’*  Both  forms  may  be  seen  when  AO  binds  to  isolated  DNA  or  RNA 
in  aqueous  solution. *»**»“  With  a  large  excess  of  either  polyanion  the  mo¬ 
nomeric  form  appears  (Xmax  =  504m/z,  <  =  55000,  green  fluorescence). 
As  the  ratio  of  dye  to  binding  groups  (phosphates)  approaches  unity  the 
aggregated  form  appears  (Xmax  =  464m^,  €  =  22-24000,  faint  red  emission). 
Spectrophotometric  titrations  indicate  that  a  maximum  of  one  dye  can  be 
bound  per  negatively  charged  polyanion  group. 

A  strong  inference  from  these  and  many  similar  observations  is  that 
dyes  may  aggregate  when  they  form  dye-polymer  complexes.  Many  questions 
as  to  the  molecular-biophysical  aspects  of  this  kind  of  aggregation  come 
to  mind.  Do  the  dyes  bind  indiscriminately  to  any  part  of  the  polymer 
surface  or  to  specific  sites?**  what  is  the  nature  of  the  binding  force(s) 
that  cause  the  dyes  to  be  bound  much  more  tightly  than  inorganic  ions 
of  like  charge?  Why  does  the  dye  appear  to  aggregate  more  strongly  on 
cellular  RNA  than  cellular  DNA?  How  are  the  dyes  spatially  related  to 
each  other  on  the  polymer?  Does  aggregation  simply  involve  the  binding 
of  a  dimer  to  the  surface  of  the  polymer,  or  does  it  involve  electronic 
coupling  between  pairs  of  dyes,  each  of  which  is  held  fixed  to  its  own 
binding  site? 

*This  paper,  illustrated  with  slides,  was  presented  at  a  meeting  of  the  SecUon  on 
May  2,  1961.  ^ 
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If  coupling  between  dyes  held  to  fixed  sites  were  a  valid  model  then 
what  would  be  the  nature  of  this  coupling?  Most  types  of  interactions 
depend  upon  the  distance  and  angle  between  the  groups  involved.***** 
If,  then,  dye  aggregation  of  this  type  does  occur  in  dye-polymer  complexes 
it  should  depend  upon  the  intersite  spacing  of  the  polymer,  that  is,  dye 
aggregation  should  vary  with  polymer  conformation  and  thus  provide  a 
new  method  for  investigating  polymer  structure.  By  choosing  polymers 
with  a  variety  of  intersite  spacings  it  should  be  possible  to  vary  the 
strength  of  the  coupling  from  “strong”  to  “weak  coupling.”**  By  varying 
the  concentration  of  dye,  that  is,  the  dye-polymer  ratio  in  the  complex, 
it  should  be  possible  to  determine  a  dimerization  constant  for  dyes  aggre¬ 
gating  on  a  regular  array  of  sites.  Furthermore,  by  using  a  combination 
of  statistical  and  quantum  mechanical  methods  it  should  be  possible  to 
relate  all  of  the  absorption,  emission,  equilibrium  constant,  and  optical 
rotation  observations  in  a  unified  way. 

With  these  considerations  in  mind  we  have  been  studying  experimen¬ 
tally  the  optical  properties  of  dye-polymer  complexes  while  simultaneous¬ 
ly  developing  appropriate  statistical  treatments  of  the  aggregation  of 
dyes  bound  to  a  linear  array  of  sites.  In  this  paper  we  present  a  resumd 
of  our  efforts  in  this  field,  together  with  quantum  mechanical  treatments 
based  upon  recent  theoretical  contributions  by  M.  Kasha,  W.  T.  Simpson, 
W.  Rhodes,  and  I.  Tinoco. 

In  the  development  that  follows,  we  shall  make  certain  assumptions 
as  to  the  physical  state  of  the  dye-polymer  complexes  and  the  nature  of 
the  dye-dye  and  dye-polymer  interactions.  For  example,  we  shall  assume 
that  dyes  are  bound  to  specific  polymer  sites  that  are  held  by  the  primary 
and  secondary  structure  of  the  polymer  in  some  kind  of  regular  linear 
array.  Dyes  will  be  assumed  to  be  bound  to  these  sites  by  electrostatic 
interactions  between  the  positively  charged  dyes  and  negatively  charged 
sites,  possibly  enhanced  by  interactions  with  neighboring  sites  or  by 
other  types  of  electrical  forces.  The  binding  forces  will  be  assumed  to 
orient  the  dye  relative  to  the  sites  and  the  polymer  as  a  whole.  Dyes  on 
neighboring  sites  will  be  assumed  to  be  sufficiently  close  to  be  able  to 
interact  with  each  other  in  one  or  more  ways.  First  of  all  they  may  inter¬ 
act  in  such  a  way  as  to  change  their  ground-state  energies.  An  important 
contribution  to  this  effect  would  arise  from  dispersion  forces  between  the 
polarizable  m-electron  systems.  There  may  also  be  contributions  that  have 
nothing  directly  to  do  with  dye-dye  coupling  but  only  with  the  change  in 
environment  that  occurs  when  a  bound-monomer  dye  surrounded  by  solvent 
becomes  part  of  an  aggregate  in  which  it  is  surrounded  by  other  dyes. 
Ground-state  interactions  will  affect  the  way  in  which  the  dyes  are  dis¬ 
tributed  on  the  sites  and,  if  sufficiently  large,  they  may  cause  the  aggre¬ 
gated  dye  to  be  displaced  to  a  certain  extent  from  its  equilibrium  (mono¬ 
meric)  position  on  the  binding  site. 

The  dyes  may  also  interact  so  as  to  alter  their  excited  states.  For 
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example  if  N  dyes  on  N  consecutive  sites  lie  with  their  molecular  planes 
parallel  to  each  other  and  perpendicular  to  their  line  of  centers,  interaction 
may  split  the  first  excited  state  into  IV- levels  of  an  exciton  band,**  only 
the  highest  of  which  can  be  reached  by  light  absorption  from  the  ground 
state.  As  a  result  of  the  formation  of  this  exciton  band  the  aggregate 
absorbs  at  shorter  wave  lengths  than  the  monomer,  fluorescence  is  quenched, 
and  phosphorescence  is  enhanced.**  If  the  group  of  /V-dyes  is  bound  to  a 
helical  array  of  sites  then  excited  state  interaction  can  also  lead  to  op¬ 
tical  activity. 

We  shall  now  attempt  to  show  how  the  spectral  shift,  caused  by  excited 
state  interactions  can  be  used  to  compute  the  fraction  of  monomeric  or 
dimeric  dyes  as  a  function  of  the  dye  concentration  (dye-polymer  ratio) 
and  from  this  the  ground  state  interaction  energy  as  well  as  the  probability 
of  occurence  of  any  group  of  filled  and  empty  sites. 


Statistical  Treatment  of  the  Distribution  of  Dyes  Among  Sites 

Any  given  binding  site  may  be  either  empty  (— )  or  occupied  (o)  by  a 
single  dye  molecule.  A  sequence  of  A  consecutive  filled  sites  is  an/V-mer, 
that  is,  -o-  and  -oooo-  are  mono-  and  tetramers  respectively.  For  any  given 
set  of  D  dyes  on  P  sites  there  will  be  a  f>articular  distribution  of  filled 
sites  among  the  various  IV-mers.  If  there  are  no  ground  state  dye-dye 
interactions  between  neighboring  filled  sites  this  distribution  will  be 
random.  If  there  are  ground  state  interactions  and  these  result  in  attraction 
between  the  neighboring  dyes  there  will  be  fewer  monomers  and  more  of 
the  dimers  and  higher  IV-mers.  If  there  are  repulsions  between  neighboring 
dyes  the  distribution  will  be  biased  in  favor  of  monomers. 

Since  the  effects  of  dye-dye  interaction  on  the  average  optical  proper¬ 
ties  of  the  dye  depend  both  upon  the  fraction  of  dyes  involved  in  such 
interactions  (fraction  of  dimers  or  higher  A-mers)  and  the  size  of  the 
aggregates  (IV)  a  quantitative  analysis  of  the  effects  of  dye-dye  coupling 
presupposes  knowledge  of  the  distribution  of  dyes  among  the  various 
IV-mers.  This  distribution  can  be  computed  theoretically  in  terms  of  either 
the  ground  state  free  energy  of  interaction  of  a  pair  of  neighboring  dye 
molecules,  AF,  or  a  stacking  coefficient,  K,  related  to  AF  by  the  ex¬ 
pression  K  =  e  For  example  the  fraction  Fj  of  dyes  occuring 

as  monomers  is  given  by 


(N\(N  \  fD-N-l  \  (P-D+l\ 

vy„D-N/N  Vd-N-I  )  (P-D+l\ 
W^-^*-yl  N  ] 


where  Afi  is  the  number  of  monomers,  /V  the  total  number  of  all  IV-mers.  and 
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fof  example,  (^1=  - ^ — r-r  .  K  may  be  thought  of  as  the  equilibrium 

\Nij  Nx  I  kN—Nx)  I 

constant  for  the  reversible  reaction  -o-o-  <*  -oo~.  If  there  is  no  ground 
state  interaction  then  K  =  1.00. 

The  dependence  of  Fx  upon  P  and  D  has  been  studied  experimentally 
for  AO  bound  to  a  variety  of  polyanions*  This  has  been  accomplished  by 
measuring  the  increase  in  the  monomer  absorption  band  at  the  band  maxi¬ 
mum  (504  m/i)  with  increasing  P/D  ratio.  By  a  process  of  curve  fitting 
of  the  observed  F,  and  P/D  values  by  the  high-polymer  limit  of  Equa¬ 
tion  1,  for  example, 

P/D  =  +  (K-1)  (2) 

it  has  proved  possible  to  evaluated  for  AO  bound  to  any  given  polyion.*>** 

The  range  of  Ks  observed  is  quite  large,  from  K  =  1.25  for  native  DNA 
to  fC  =  826  for  polyphosphate  and  higher  for  certain  acid  polysaccharides. 
The  distribution  of  dyes  among  various  /V-mers  is  thus  very  sensitive  to 
the  polymer  to  which  the  dye  is  bound.  There  is  considerable  evidence 
that  the  value  of  K  is  related  to  the  conformation  of  the  polymer.  For 
example,  native  DNAs  have  the  same  K  >=  1.25  ±  0.07*"  that  increases 
markedly  (-»  K  =  6.2)  upon  helix  ->  coil  denaturation.*"  AO  aggregates  more 
strongly  on  RNA  (K  =  3)  than  on  DNA.*  Random  coiled  poly  A  and  poly  V 
have  F  =  109  and  161  respectively.*  However,  when  they  form  a  multi- 
stranded  complex,  the  K  value  falls  to  less  than  6.**  Such  results  are  to  be 
expected  since  the  strength  of  dye-dye  coupling  ought  to  depend  on 
the  intersite  spacing.  A  fairly  general  empirical  rule  is  that  the  more 
highly  ordered  polymers  have  lower  K  values. 

Application  oi  the  Statistical  Method  to  Absorption  Spectra 

Although  it  is  possible  to  relate  the  fraction  of  any  N-met  (or,  more 
generally,  any  given  arrangement  of  filled  and  empty  sites)  to  P/D  for 
any  value  of  F,**  these  relationships  become  particularly  simple  for  the 
random  case  (K  =  1).  For  this  reason  dye-dye  interactions  on  DNA,  which 
has  a  K  value  approaching  this  limit,  are  ot  particular  interest.  For 
example,  theoretically  the  fraction  Fx  of  monomer  dyes  (-o-)  is  given  by 

F»  =  (1  -  D/P)  ’  (3) 

for  the  random  case.  Fx  is  defined  experimentally  by 


^P»  D  ~  =D 


where  t,€p=D  and  fp»^arethe  molar  extinction  coefficients  at  the  bound- 
monomer  absorption  maximum  (504  m/x)  of  the  dye  at  any  P/D,  P=D,  and 
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P»D  respectively.  It  is  found  that  for  AO/DNA  Fi  defined  by  Equation  4 
very  nearly  satisfies  Equation  3. 

By  fitting  F  values  by  the  more  exact  Equation  2  however,  it  is  found 
that  there  is  actually  some  nonrandomness  {K  =  1.25)  corresponding  to  a 
small  dye-dye  attraction  (AF  =  —0.065  kcal./mole  dye).  The  spectral  shift 
accompanying  aggregation  (504-*  464m/x)  corresponds  to  a  4.8  kcal./mole 
increase  in  the  energy  separation  of  the  ground  and  excited  states.  Com¬ 
parison  of  this  figure  with  —0.065  kcal./mole  for  the  ground-state  free 
energy  decrease  leads  to  the  suggestion  that  the  spectral  shift  results 
from  an  increase  in  energy  of  the  excited  state  rather  than  a  decrease  in 
the  ground  state. 

Application  of  the  Statistical  Method  to  Optical  Rotation 

Anomalous  optical  rotatory  dispersion  (Cotton  effect)  has  been  observ¬ 
ed  with  AO  bound  to  native,  helical  DNA”  as  well  as  with  acriflavine 
bound  to  helical  polyglutamic  acid’****  at  low  pH.  The  optical  activity 
is  related  to  the  helical  nature  of  the  polymers  since  no  Cotton  effects 
are  observed  with  randomly  coiled,  denatured  DNA  or  basic  polyglutamate. 
Cotton  effects  are  observed  at  several  frequencies  in  both  systems.  One 
(designated  Cotton  effect  No.  1)  has  its  inflection  point  at  the  band  maxi¬ 
mum  of  the  aggregated  dye  (for  example,  465  m/x  with  AO/DNA). The  mag¬ 
nitude  of  Cotton  effect  No.  1  decreases  with  increasing  P/D  as  the  distri¬ 
bution  of  dyes  shifts  from  the  higher  N-mets  toward  monomers.” 

Cotton  effect  No.  2  has  an  inflection  point  at  the  band  maximum  of  the 
monomeric  dye  (505  m/x  for  AO/DNA).  Its  magnitude  is  zero  at  P=J)  where 
dyes  occur  in  higher  IV-mers,  passes  through  a  maximum  at  a  P/D  ~  4, 
and  decreases  to  zero  at  high  P/D. 

Optical  activity  originates  in  electronic  coupling  between  chromophores 
that  occur  in  an  asymmetric  pattern.  The  necessary  asymmetry  in  these 
two  systems  is  provided  by  the  binding  of  dyes  on  a  helical  array  of  sites. 
The  required  coupling  can  occur  between  the  dyes  and  the  polymer,  es¬ 
pecially  the  nucleotide  bases,  or  between  neighboring  dyes.  The  dye-dye 
coupling  that  causes  the  spectral  shift  is  qualitatively  sufficient  to  ex¬ 
plain  Cotton  effect  No.  1.  Weaker  coupling,  perhaps  between  next-nearest 
neighbor  dyes,  which  would  not  be  sufficiently  strong  to  cause  a  spectral 
shift,  may  be  the  cause  of  Cotton  effect  No.  2.  This  latter  interpretation 
is  supported  by  an  analysis  of  the  dependence  of  the  effect  upon  P/D. 

Assume  for  the  moment  that  Cotton  effect  No.  2  results  from  weak 
coupling  between  next-nearest  neighbors  within  an  arrangement  such  as 
-0-0-  (A).  For  a  random  distribution  the  theoretical  fraction  of  dyes  oc- 
curing  in  such  a  configuration  is  Fa  =  k(l— D/P)*  {D/P)  where  it  is  a 
constant.  In  general  the  probability  that  a  dye  will  occur  in  configuration 
i  containing  m  empty  and  n  filled  sites  is  given  by 

Fi=  *i(l-D/P)'"  (D/P)n-1  (5) 
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The  fact  that  an  equation  of  this  form  does  fit  the  experimental  AO/DNA 
rotation  data  with  reasonable  accuracy,**  suggests  that  coupling  in  an 
arrangement  of  3  empty  and  2  filled  sites  such  as  (A)  does  contribute  ap¬ 
preciably  to  Cotton  effect  No.  2.  In  general  the  observed  rotation  will 
consists  of  a  weighted  average  of  contributions  from  not  just  one  but  a 
variety  of  arrangements  such  as  (A).  Therefore,  close  fit  of  rotation  data 
by  the  probability  curve  for  a  single  arrangement  may  be  fortuitous.  In 
such  cases  relatively  close  fit  may  be  obtained  with  more  than  one  arrange¬ 
ment.  For  example  the  arrangement  -o-o-o—  (B)  has  a  probability  curve 
Fb  =  *Tl— D/P)*  (D/P)*  which  fits  the  rotation  data  for  AO/DNA  about 
as  well  as  F^. 

In  the  acriflavine/polyglutamate  system,  where  the  distribution  of  dye 
among  ^V-mers  is  far  from  random  (high  K),  Cotton  effect  No.  2  reaches  its 
maximum  value  at  much  higher  P/D  ratios  than  in  the  AO/DNA  system. 
Recent  unpublished  work  in  these  laboratories  by  D.  M.  Neville  has  shown 
that  the  maximum  value  of  rotation  of  Cotton  effect  No.  2  in  the  AO/ribo¬ 
nucleic  acid  system  (intermediate  K)  occurs  at  intermediate  P/D  ratios. 

By  varying  P/D  it  is  thus  apparently  possible  to  change  continuously 
from  “strong  coupling”**  (Cotton  effect  No.  1,  spectral  shift)  to  “weak 
coupling”**  (Cotton  effect  No.  2,  no  spectral  shift),  to  no  coupling  (no 
Cotton  effect,  no  spectral  shift).  The  rate  with  which  these  changes  occur 
with  increasing  P/D,  however,  depends  upon  the  degree  to  which  ground 
state  interactions  (K,AF)  affect  the  distribution  of  dyes  among  Af-mers. 

Application  of  the  Statistical  Method  to  Fluorescence 

The  green  emission  of  AO  in  dilute  aqueous  solution  (2  x  10— 5W)  is 
quenched  (~  96  per  cent)  when  the  dye  forms  a  1:1  complex  with  DNA.** 
This  emission  reappears  as  the  P/D  ratio  of  the  complex  increases  and 
ultimately  reaches  an  intensity  several  times  that  of  the  free  dye  at  the 
same  concentration.  However,  emission  intensity  increases  with  P/D  less 
rapidly  than  the  monomer  absorption  intensity,  that  is,  n  =  1,  m  =2  for  ab¬ 
sorption  and  n  =  1,  m  >  2  for  emission  (Equation  5).  The  fact  that  it  re¬ 
quires  more  than  one  empty  site  around  each  dye  to  prevent  quenching 
of  emission  (m  >  2)  leads  to  the  suggestion  that,  as  was  observed  in  the 
case  of  optical  rotation,  dye-dye  coupling  leading  to  fluorescence  quench¬ 
ing,  may  occur  between  weak-coupled  next-nearest  and  more  distant  neigh¬ 
bors**  as  well  as  between  strong-coupled  nearest  neighbors.  Quenching 
of  fluorescence  in  strong-coupled  dye  aggregates  has  been  ascribed  to  en¬ 
hanced  intersystem  crossing  (singlet-«triplet)  and  to  the  fact  that  emission 
from  the  lower  singlet  energy  levels  of  the  exciton  band  is  forbidden.** 

Quantum  Mechanical  Treatment  of  Aggregation 

The  examples  above  illustrate  how  the  statistical  method  may  be  ap- 
lied  to  absorption,  optical  rotation,  and  fluorescence  changes  in  order  to 
elucidate  the  relationships  between  the  dyes  in  the  interacting  units  of 
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filled  and  empty  sites.  However,  to  compute  the  magnitude  of  any  of  these 
changes  in  terms  if  the  molecular  properties  of  the  dyes  a  quantum  mecha¬ 
nical  treatment  is  required.  Although  detailed  quantum  mechanical  treat¬ 
ments  for  these  systems  are  available, certain  useful  results  may  be 
obtained  by  the  application  of  simpler  treatments. 

Dyes  bound  from  a  monomeric  dye  solution  may  be  either  monomeric 
(-0-)  or  dimeric  (-00-)  on  the  polymer  depending  on  whether  neighboring 
sites  are  empty  or  filled  (figure  1).  As  a  result  of  binding  the  energy 
levels  of  the  ground  and  excited  states  will  change  although  not  necessar¬ 
ily  by  the  same  amount.  For  example,  the  excited  state  may  undergo  addi¬ 
tional  stabilization  because  of  dipole-polarizability  interactions  with  the 
DNA  nucleotides,  leading  to  a  red  shift  such  as  is  actually  observed  with 
many  dye-polynucleotides  systems”  (u'-  u  =  -480  cm~‘  for  AO/DNA). 

For  strong-coupled,  dimeric  dye  the  excited  state  is  split  into  a  two¬ 
fold  exciton  band.  Two  geometric  arrangements  in  the  dimer  are  of  particu¬ 
lar  interest:  card-pack  stacking  (molecular  planes  and/or  transition  mo¬ 
ments  parallel  to  each  other  and  perpendicular  to  their  line  of  centers) 
and  head-to-tail  (colinear).  Actually  it  is  the  relative  orientations  of  the 
transition  moments  that  enter  into  the  calculations  but  these  are  generally 
related  to  the  molecular  orientation  in  a  relatively  simple  manner,  for 
example,  the  transition  moment  for  the  longest  wave-length  transition  may 
be  in-plane  and  directed  along  the  long  axis  of  the  molecule.  For  card- 
pack  stacking  the  transition  moments  are  in  phase  (tt)  in  the  upper  state 
and  out  of  phase  in  the  lower  state  (t*).  For  head-to-tail  ordering  the  re¬ 
verse  is  true.  Light  absorption  is  allowed  only  to  the  state  where  the  mo¬ 
ments  are  in  phase  so  that  card-  pack  stacking  causes  a  blue-shift  and 
head-to-tail  ordering  a  red-shift. 

The  magnitude  of  the  exciton  splitting  can  be  readily  calculated  if  only 
the  transition  dipole-dipole  interaction  is  considered,  and  permanent  dipole 
interactions,  mixing  higher  states  into  the  wave  functions  for  these  states 
etc.,  are  neglected.  The  equation  of  Levinson  et  a/.‘*  predicts  that 


—  »  1.16x10-3  (6) 

R3  R3 

where  M  =  bound-monomer  transition  moment,  q2  =  —1.1  x  10-19  Jfdlogio^ 
and  R  =  interplane  spacing.  Taking  q  =  1.68  x  10-8  cm,  for  monomeric 
DNA-bound  AO20  and  R  as  the  distance  between  successive  P  atoms  in 
DNA  (6.5  X  10-8  cm)**  Equation  6  predicts  a  blue-shift  of  1180  cm.-l  for 
an  AO  card  pack  dimer  on  DNA.  In  this  treatment  higher  A^-mers  would  be 
expected  to  show  increased  splittings  approaching  a  limit  of  2  x  1180 
=  2360  cm.— 1  as  Af-*  ».  In  a  1:1  complex  with  DNA  the  observed  shift  is 
1700  cm.-l  corresponding  to  an  average  stack  height  of  3  (II8OV2  = 
1670  cm.-l). 
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FIGURE  L 

The  actual  system  is  of  course  much  more  complex  than  the  model.  For 
example,  pairs  of  AO  molecules  bound  to  helically  ordered  sites  probably 
do  not  lie  with  their  transition  moments  parallel.  F  irthermore  the  selection 
rules  for  helical  stacks  are  more  complex  than  was  assumed  in  the  calcu¬ 
lation.*"  The  agreement  between  the  observed  and  calculated  splittings 
is  therefore  better  than  what  might  be  expected  in  view  of  the  approxima¬ 
tions  made  in  the  calculation. 

The  spectral  shift  for  aggregation  in  solution  in  the  absence  of  poly¬ 
mer  is  1840  cm.— 17  Agreement  between  this  value  and  that  for  the  1:1  AO/ 
DNA  complex  was  originally  a  strong  argument  for  interpreting  the  polymer- 
bound  dye  spectrum  in  terms  of  aggregation.  However,  this  agreement  may 
result  from  a  compensation  between  the  effects  of  having  taller  stacks  in 
the  DNA-bound  dye  and  a  smaller  interplane  spacing  in  the  free  aggregate. 

Using  this  same  model  it  is  possible  to  predict  the  effect  of  aggregation 
upon  the  absorption  intensity.  If  the  only  interaction  to  be  considered  is 
that  between  the  transition  dipoles  that  leads  to  the  exciton  splitting, 
there  should  be  no  hypochromism,  that  is,  no  decrease  in  integrated  ab¬ 
sorption  intensity  or  oscillator  strength,  f=  4.32  x  10-9  _[fcft/.**^*‘  There 
could  of  course  occur  a  decrease  in  the  extinction  coefficient,  r,  because 
of  the  shift  to  higher  frequencies  upon  aggregation.  There  is,  however,  a 
decrease  in  integrated  intensity  (20  per  cent)  as  well  as  «  when  AO  aggre¬ 
gates  either  on  DNA  (/monomer  =  0*51;  /aggregate  =  0.40)  or  in  solution, 
(/monomer  =  0.63;  /dimer  =  0.50).*  This  loss  of  intensity  may  be  inter¬ 
preted  in  terms  of  interactions  of  the  transition  moment  of  the  visible  band 
with  those  of  transitions  to  higher  states,  which  lead  to  the  lending  of 
intensity  to  these  higher  energy  transitions. 

The  nearest  transitions  in  AO  occur  in  the  ultraviolet  at  290,  270,  and 
230  m/x.  Intensity  changes  in  AO  in  this  region  of  the  spectrum  are  more 
easily  followed  when  AO  is  bound  to  polymers  that  are  themselves  trans¬ 
parent  in  this  region,  for  example,  polyphosphate  or  heparin.  In  these  sys¬ 
tems  aggregation  is  even  more  pronounced,  since  the  blue  shift  is  to 
450  mfi.  and  the  extinction  falls  to  less  than  20000  (58  per  cent  decrease).** 
However  the  ultraviolet  bands  also  show  a  decrease  in  extinction  (35  per 
cent)**  together  with  little  change  in  shape  or  position  of  the  band  (<4  m/x 
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shift).  Thus  the  intensity  loss  in  the  visible  band  is  not  compensated  by 
a  gain  in  the  nearest  UV  bands,  and  it  must  be  concluded  that  both  bands 
lend  intensity  to  other  bands  in  the  far  UV. 

Polynucleotides  such  as  DNA  or  RNA  also  exhibit  hypochromism  that 
may  be  interpreted  in  terms  of  coupling  of  the  transition  dipoles  of  the 
stacked  nucleotide  bases. Unlike  the  dye  systems  there  are  no  appreci¬ 
able  frequency  shifts  in  the  polynucleotides;  from  this  fact  it  may  be  con¬ 
cluded  that  there  is  “weak  coupling”*^  of  the  dipoles.  It  is  expected  that 
the  loss  in  intensity  of  the  2600  K  nucleotide  band  will  be  compensated  by 
an  increase  in  higher  transitions,  although  not  necessarily  the  nearest  one. 

Combination  of  Statistical  and  Quantum  Mechanical  Methods 

The  examples  cited  above  indicate  some  of  the  ways  in  which  optical 
data  on  dye-polymer  complexes  in  conjunction  with  statistical  and  quantum 
methods  may  be  helpful  in  answering  questions  about  the  dye-polymer  and 
dye-dye  interactions.  For  example,  the  success  of  a  statistical  method 
based  on  specific-site  binding  provides  further  support  for  this  type 
of  binding. 

Much  remains  to  be  done.  Considering,  for  example,  just  the  theoretical 
treatment  of  optical  rotatory  dispersion,  logically  the  next  steps  to  take 
would  be  (1)  to  determine  the  coordinates  of  the  dyes  relative  to  the  DNA 
structure  by  some  suitable  method  such  as  X-ray  diffraction  (as  recently 
attempted  by  Lerman**),  (2)  to  compute  the  transition  moment  directions 
for  the  first  and  several  higher  transitions,  (3)  to  use  strong  coupling 
theory^*  to  compute  the  rotation  for  each  arrangement  of  dyes  on  sites  (for 
example,  A  ot  B),  (4)  to  weight  each  configuration  by  its  probability  of 
occurence,  and  (5)  to  sum  up  over-all  configurations  that  contribute  to  the 
rotation.  Even  such  detailed  calculations  will  involve  seriously  limiting 
approximations.  For  example,  transition  monopole  or  dipole  orientations 
computed  by  standard  molecular  orbital  methods  are  at  best  approxima¬ 
tions.  Furthermore,  observed  rotations  are  small  differences  obtained  by 
summing  many  terms  of  large  magnitude  and  of  opposite  signs  so  that 
small  variations  or  uncertainties  in  the  numerical  values  of  the  parameters 
used  in  the  calculations  may  result  in  large  changes  in  the  computed  total 
rotation 

However,  by  continued  development  along  these  lines  it  may  be  possible 
to  obtain  a  combined  statistical  and  quantum  mechanical  model  that  will 
encompass  all  of  the  observed  effects  of  dye-dye  coupling  with  one  (or  a 
small  number)  of  interaction  parameters.  Once  this  is  accomplished  it  may 
well  prove  possible  to  use  dyes  to  provide  detailed  information  about 
intersite  spacings  in  polymers. 
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“Development  of  the  Vibrating  Mirror  Flying  Spot  Microscope  for  Ultra¬ 
violet  Spectrophotometry”  —  Jerome  J.  Freed  and  J.  Engle,  The  Insti¬ 
tute  for  Cancer  Research,  Fox  Chase,  Philadelphia,  Pa. 


FRIDAY,  OCTOBER  6,  1961 
Session  Chatman:  M.  J.  Kopac 

Graduate  School  of  Arts  and  Science,  New  York  University,  New  York,  N.Y. 
9:00  A.M.- 

“Microfluorimetry  and  Microspectrophotometry  of  Respiratory  Enzymes” 
—  Britton  Chance,  The  Johnson  Foundation  for  Medical  Physics,  Phila¬ 
delphia,  Pa. 

“Scanning  Microscopy  Techniques  for  High  Resolution  Quantitative  Cyto¬ 
chemistry”  —  T.  Caspersson,  Karolinska  Institute,  Stockholm,  Sweden. 

“Scanning  Electron  and  X-ray  Microscopy”  —  V.  E.  Cosslett,  Cavendish 
Laboratory,  Cambridge,  England. 


Session  Chaiman:  T.  Caspersson 
Karolinska  Institute,  Stockholm,  Sweden 

2:00  P.M.- 

“Simultaneous  Ultraviolet  and  Visible  Light  Flying  Spot  Television 
Microscopy”  —  P.  O’B.  Montgomery,  The  University  of  Texas  South¬ 
western  Medical  School,  Dallas,  Texas. 
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“Exfoliated  Cell  Studies  and  the  Cytoanalyzer”  —  Elaine  G.  Diacuma- 
kos  and  Emerson  Day,  Sloan-Kettering  Institute  for  Cancer  Research, 
New  York,  N.Y. 

“Flying  Spot  Interference  Microscopy”  —  L.  L.  Hundley,  The  University 
of  Texas  Southwestern  Medical  School,  Dallas,  Texas. 

“Size  and  Shape  Determination  in  Scanning  Microscopy”  —  Walter  E. 
Tolies  and  H.  P.  Mansberg,  Airborne  Instruments  Laboratory,  Deer  Park, 

N.Y. 


SECTION  OF  BIOLOGICAL  AND  MEDICAL  SCIENCES 
Charles  Noback  Preston  L.  Perlman 

Chairman  Vice-Chairman 


DIVISION  OF  INSTRUMENTATION 


Andres  Ferrari 
Chairman 


Walter  E.  Tolies 
Vice-Chairman 
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SECTION  OF  BIOLOGICAL  AND  MEDICAL  SCIENCES 

FIFTH  INTERNATIONAL  PIGMENT  CELL  CONFERENCE 


Wednesday,  October  11 
Thursday,  October  12 
Friday,  October  13  and 
Saturday,  October  14,  1961 


Conference  Cochairmen 

Vernon  Riley,  Sloan-Kettering  Institute  for  Cancer  Research, 

Rye,  N.  Y. 
and 

Joseph  G.  Fortner,  Memorial  Hospital  and  Sloan-Kettering  Institute  for 
Cancer  Research,  New  Yoric,  N.  Y. 

WEDNESDAY,  OCTOBER  11,  1961 

A.  ABNORMAL  AND  MALIGNANT  MELANOCYTES  IN  HUMANS: 
THEIR  OCCURRENCE,  RECOGNITION  AND  SIGNIFICANCE 

Session  Chairman:  Ronald  Raven 
Royal  Cancer  Hospital,  London,  England 

9:00  A.M.  - 

Welcoming  Remarks  -  John  R.  Heller,  President,  Memorial  Sloan-Kettering 
Cancer  Center,  New  York,  N.  Y. 

'^Epidemiology  of  Melanoma”  -  Eleanor  J.  Macdonald,  M.  D.  Anderson 
Hospital  and  Tumor  Institute,  Houston,  Texas. 

"Ultrasound  Diagnosis  in  Intraocular  Melanoma”  -  Arvo  Oksala,  Uni¬ 
versity  Eye  Clinic,  Keskussairaala,  Turku,  Finland. 

"Melanoma  Cells  in  the  Peripheral  Blood”  -  Sam  Seal,  Arthur  Levin^and 
Joseph  G.  Fortner,  Memorial  Sloan-Kettering  Cancer  Center,  New  York, 
N.Y. 

"Juvenile  Melanomas  of  Children  and  Adults  and  Melanocarcinomas  of 
Children”  -  Arthur  C.  Allen,  The  Jewish  Hospital  of  Brooklyn,  Brooklyn, 
N.  Y. 

"Effect  of  Topical  Hormones  and  Other  Dermatological  Therapy  on  Mela¬ 
nin  Pigment”  -  Herbert  J.  Spoor,  Cornell  University  Medical  School, 
New  York,  N.  Y. 


82 


TRANSACTIONS 


“Induced  Alterations  of  Vitiliginous  Skin”  -  Robert  Stolar,  Washington, 
D.  C. 

“Pigmentary  Disorders  of  the  Skin  and  their  Relation  to  Internal  Tumors*’ 
•  Helen  O.  Curth,  College  of  Physicians  and  Surgeons,  New  York,  N.  Y. 

“Observations  on  Human  Melanoma  Cells  in  Tissue  Culture”  (Film)  - 
George  G.  Rose,  Hermann  Hospital,  Houston,  Texas. 


B.  THE  MALIGNANT  HUMAN  MELANOCYTE: 

ITS  CLINICAL  CONSEQUENCE  AND  CONTROL  PROBLEMS 

Session  Chairman;  George  T.  Pack 
Memorial  Hospital,  New  York,  N.  Y. 

2:00  P.M.  - 

“The  Role  of  Natural  Resistance  in  the  Prognosis  of  Human  Melanoma” 
Laurens  P.  White,  Childrens  Cancer  Research  Foundation,  Boston,  Mass. 

“The  Clinical  Significance  of  Regional  Satellitosis”  -  Leonard  Triedman 
and  Gordon  McNeer,  Memorial  Hospital,  New  York,  N.  Y. 

“Radiation  Therapy  of  Primary  and  Metastatic  Melanoma”  -  Werner  Hell- 
riegel,  Universtdts  des  Rbentgen  Institut,  Frankfurt,  Germany. 

“Perfusion  Techniques  in  Treatment  of  Malignant  Melanoma”  -  John  S. 
Stehlin,  Jr.  and  R.  Lee  Clark,  M.  D.  Anderson  Hospital  and  Tumor 
Institute,  Houston,  Texas. 

“Clinicopathological  Aspects  of  Malignant  Melanoma”  -  Ronald  Raven, 
Royal  Cancer  Ho^ital,  London,  England 


Panel  Discussion 


TREATMENT  OF  MELANOMA 


Chairman:  Gordon  McNeer 
Memorial  Center,  New  York,  N.  Y. 


Robert  J.  Boohen 
R.  D.  Brasfield: 
Joseph  G.  Fortner 
Thomas  Hall: 
Theodore  R.  Miller 
George  T.  Pack: 
Ronald  Raven: 

John  S.  Stehlin,  Jr.: 


Memorial  Hospital,  New  York,  N.  Y. 
Memorial  Hospital,  New  York,  N.  Y. 
Memorial  Hospital  Research  Center,  N.  Y. 
Lemuel  Shattuck  Hospital,  Boston,  Mass. 
Memorial  Hospital,  New  York,  N.  Y. 
Memorial  Hospital,  New  York,  N.  Y. 

Royal  Cancer  Hospital,  London,  England 
M.  D.  Anderson  Hospital  &  Tumor  Institute, 
Houston,  Texas. 
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Steven  Gumport:  New  York  University-Bellevue  Medical  Center, 

New  York,  N.  Y. 


THURSDAY,  OCTOBER  12,  1961 


9:00  A.M.  - 

Greetings  from  the  Academy  -  Charles  R.  Noback,  Chairman,  Section  of 
Biological  and  Medical  Sciences,  The  New  York  Academy  of  Sciences, 
New  York,  N.  Y.;  College  of  Physicians  and  Surgeons,  Columbia  Uni¬ 
versity,  New  York,  N.  Y. 

Opening  Remarks  -  Vernon  Riley,  Sloan-Kettering  Institute  for  Cancer 
Research,  Rye,  N.  Y. 

A.  NATURE,  RESPONSE,  AND  INDUCTION  OF  MELANOCYTES 

Session  Chairman:  R.  D.  Passey 
Chester  Beatty  Research  Institute,  London,  England 

“A  Histologic  Study  of  the  Dermoepidermal  Junction  in  Clinically  Intra- 
dermal  Nevi  Employing  Serial  Sections”  -  Alfred  W.  Kopf  and  Rafael 
Andrade,  New  York  University  Bellevue  Medical  Center,  New  York,  N.  Y. 

"Light  and  Electron  Microscopic  Studies  on  Normal  and  Abnormal  Human 
Epidermis  with  Reference  to  the  Relation  Between  Langerhans  Cells  and 
Melanocytes”  -  A.  S.  Breathnack,  St.  Mary’s  Hospital,  M.  S.  C.  Birbeck 
and  J.  D.  Everall,  Chester  Beatty  Research  Institute,  London,  England. 

"Amelanotic  Melanocytes  in  the  Outer  Sheath  of  the  Human  Hair  Follicle 
and  Their  Role  in  the  Repigmentation  of  Regenerated  Epidermis”  -  Renato 
G.  Staricoo,  We^ne  State  University,  Detroit,  Mich. 

"Benign  and  Precancerous  Nonnevoid  Melanocytic  Tumors”  -  Herman 
Pinkus  and  Yutaka  Mishima,  Wayne  State  University,  Detroit,  Mich. 

"The  Effect  of  Carcinogens  on  Melanocytes”  -  George  Szabo,  Harvard 
Medical  School,  Massachusetts  General  Hospital,  Boston,  Mass. 

"Carcinogen-Induced  Melanotic  Tumors  in  the  Syrian  Hamster”  -  Henry 
Rappaport  and  Philippe  Shubik,  Chicago  Medical  School,  Chicago,  Ill. 

"Effects  ofSex  and  Castration  on  the  Malignant  Melanoma  of  the  Hamster” 
J.  C.  Rosenberg,  and  C.  Assimacopoulos,  University  of  Minnesota  Hos¬ 
pitals,  Minneapolis,  Minn.,  and  S.  A.  Rosenberg,  Johns  Hopkins  University 
Baltimore,  Md. 

"Cytological  Analysis  of  the  S91  Mouse  Melanoma  in  Tissue  Culture”  - 
Adolph  E.  Sloboda,  Lederle  Laboratories,  Pearl  River,  N.  Y.,  and  M.  J. 
Kopac,  New  York  University,  New  York,  N.  Y. 
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“Chemotherapy  of  Harding-Passey  Melanoma’*  -  Kanematsu  Sugiura, 
Sloan-Kettering  Institute  for  Cancer  Research,  Rye,  N.  Y.  (Read  by  title.) 


B.  NATURE,  RESPONSE,  AND  INDUCTION  OF  MELANOCYTES,  (Cont.) 

Session  Chairman:  Stephen  Rothman 
University  of  Chicago,  Argonne  Cancer  Research  Hospital 
Chicago,  Ill. 

2:00  P.M.  - 

“Further  Studies  on  the  Phenomenon  of  Pigment  Spread  in  Guinea  Pig’s 
Skin’’  -  Willys  K.  Silvers  and  R.  E.  Billingham,  Wistar  Institute,  Phil¬ 
adelphia,  Pa. 

“Studies  on  Radiation-Induced  Tanning  of  Skin’’  -  Walter  C.  Quevedo, 
Jr.,  Brown  University,  Providence,  R.  I.,  and  Jean  A.  Smith,  Roswell 
Park  Memorial  Institute,  Springville,  N.  Y. 

“Evidence  for  Indirect  Effect  of  Radiations  of  Heavy  Ions  and  Electrons 
on  Hair  Depigmentation’’  -  Herman  B.  Chase,  William  E.  Straile^  and 
Claudette  Arsenault,  Brown  University,  Providence,  R.  I. 

“The  Nature  of  the  Effect  of  X  Irradiation  in  Depigmentation’’  -  Jack 
Cohen,  University  of  Birmingham,  Birmin^am,  England. 

“Behavior  of  Retinal  Pigment  Cells  in  Heterotypic  Cell  Aggregates’’  - 
J.  P.  Trinkaus,  Yale  University,  New  Haven,  Conn. 

“Effects  of  Pigment  on  Bovine  Ocular  Squamous  Carcinoma’’  -  David  E. 
Anderson,  M.D.  Anderson  Hospital  and  Tumor  Institute,  Houston,  Texas. 

“Pigment  Cells  of  the  Mammalian  Iris’’  -  A.  J.  Tousimis,  George  Wash¬ 
ington  University  Medical  School,  Washington,  D.  C. 

“Prolongation  of  Survival  in  Ocular  Malignant  Melanoma  of  the  Hamster 
by  Removal  of  the  Eye’’  -  Robert  P.  Bums,  Fredrick  Fraunfelder  and 
Alvin  Klass,  University  of  Oregon  Medical  School,  Portland,  Ore. 

“Some  Considerations  on  the  Tissue  Culture  of  Uveal  Melanomas’’  -  Y. 
Robert  Barishak,  Istanbul,  Turkey  -  Discussant, 

“Morphogenesis  of  Pigment  Cells  in  the  Connective  Tissues  of  the  Pet 
Mouse’’  -  Willie  M.  Reams,  Jr.,  Louisiana  State  University,  Baton  Rouge, 
La.  (Read  by  title.) 

“Pigmented  Intraocular  Tumors  in  Animals’’  -  C.  N.  Barron,  University 
of  Pennsylvania  and  Smith  Kline  and  French  Laboratories,  Philadelphia, 
Pa.  (Read  by  title.) 
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Session  Chairman:  M.  J.  Kopac 
Graduate  School  of  Arts  and  Science,  New  York  University, 

New  York,  N.  Y. 

7:30  P.M.  - 

Symposium:  C.  MELANIN  GRANULES,  THEIR  NATURE  AND  ORIGIN 

"The  Melanosome,  a  Distinct  Entity”  -  M.  Seiji,  T.  B.  Fitzpatricki  and 
K.  Shimao,  Harvard  Medical  School,  Massachusetts  General  Hospital, 
Boston,  Mass. 

"The  Ontogenic  Status  of  Melanin  Granules”  -  Mark  Woods,  Dean  Burk, 
and  Jehu  Hunter,  National  Cancer  Institute,  Bethesda,  Md. 

"Electron  Microscopy  of  Melanocytes”  -  M.  S.  C.  Birbeck,  Chester  Beatty 
Research  Institute,  London,  England. 

"Election  Microscopic  Studies  on  the  Subcellular  Origin  and  Ultrastiuc- 
ture  of  Melanin  Granules  in  Mammalian  Melanomas”  -  S.  R.  Wellings  and 
Benjamin  V.  Siegel,  University  of  Oregon  Medical  School,  Portland,  Ore. 

"Enzymic  and  Other  Similarities  of  Pigmented  Granules  and  Mitochon¬ 
dria”  •  Herman  DuBuy,  National  Cancer  Institute,  Bethesda,  Md. 

"The  Fine  Structure  of  Melanin  Granules  in  Normal  and  Pathological 
Tissues”  •  Frank  H.  Moyer,  Jr.,  Johns  Hopkins  University  Medical  School, 
Baltimore,  Md. 

"On  the  Ultrastructure  of  Unmelanized  Pigment  Cells  in  Induced  Melano- 
genesis”  -  Yutaka  Mishima  and  Alden  V.  Loud,  Wayne  State  University 
College  of  Medicine  and  Detroit  Institute  of  Cancer  Research,  Detroit, 
Mich. 

Discussant  -  A.  J.  Dalton,  National  Cancer  Institute,  Bethesda,  Md. 

Discussant  -  H.  Femandez-Moran,  Massachusetts  General  Ho^ital, 
Boston,  Mass. 

FRIDAY,  OCTOBER  13,  1961 

A.  HORMONES  IN  PIGMENT  CELL  MECHANISMS 

Session  Chairman:  Aaron  B.  Lemer 
Yale  University  School  of  Medicine,  New  Haven,  Conn. 

9:00  A.M.  - 

"Clinical  Effects  and  Mechanisms  of  Action  of  the  Melanocyte-Stimulating 
Hormones”  -  Joseph  S.  McGuire,  Yale  University  School  of  Medicine, 
New  Haven,  Conn. 
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B.  MELANOCYTE  GENETICS  CLASSICAL  AND  NEOCLASSICAL 

Session  Chairman:  R.  E.  Billingham 
Wistar  Institute,  Philadelphia,  Pa. 

2:00  P.M.  - 

"The  Relation  of  Race  and  Complexion  to  the  Incidence  of  Moles  and 
Melanomas"  -  George  T.  Pack  and  Jeff  Davis,  Memorial  Hospital,  New 
York,  N.  Y. 

"The  Value  of  Urinary  MSH  Assays  as  an  Index  of  Pituitary  Function  in 
Women”  -  Bruno  C.  G.  Dahlberg,  Women’s  Clinic,  Malmti,  Sweden. 

"Melanocyte-6timulating  Hormone,  a  Clinical  and  Laboratory  Study”  - 
B.  W.  McGuinness,  Nicholas  Research  Institute, Slough,  Buckinghamshire, 
England. 

‘‘Species  Differences  and  Structural  Requirement  for  Melanocyte-Stimulat¬ 
ing  Activity  of  Melanocyte  Stimulating  Hormones”  -  T.  H.  Lee,  Yale 
University,  New  Haven,  Conn. 

"Melanophore  Stimulating  Hormones  in  Vertebrates”  -  A.  C.  J.  Burgers, 
University  of  Utrecht,  Utrecht,  Netherlands. 

“Endocrine  Control  of  Pigmentation”  -  Walter  Chavin,  Wayne  State  Uni¬ 
versity,  Detroit,  Mich. 

"Reflectance  Responses  of  Frogs  to  Melanophore  Hormone”  -  Robert  S. 
Teague,  University  of  Alabama  Medical  Center,  Birmingham,  Ala. 

“The  Effects  of  Temperature  on  the  Response  to  Melanocyte-Stimulating 
Hoimone”  -  Griff  T.  Ross  and  William  D.  Odell,  National  Cancer  Insti¬ 
tute,  Bethesda,  Md 

"Some  Physiological  Genetic  Aspects  of  Mammalian  Melanogenesis”  - 
Morris  Foster,  University  of  Michigan,  Ann  Arbor,  Mich. 

"Studies  on  the  Mechanism  of  ACTH-Induced  Melanocyte  Formation  in 
Goldfish”  -  Ki  Han  Kim,  T.  T.  Tchen,  and  Funan  Hu,  Wayne  State  Univer¬ 
sity,  Detroit,  Mich. 

"Agouti  Melanocytes  in  Situ  and  in  Vitro’*  -  Gunter  Cleffmann,  Zoologis- 
ches  Institut,  Marburg  an  der  Lahn,  Germany. 

"Enzymatic  Determination  of  Transmissible  Replicating  Factors  Asso¬ 
ciated  with  Mouse  Melanomas”  -  Vernon  Riley,  Sloan-Kettering  Institute 
for  Cancer  Research,  Rye,  N.  Y. 

"Utilization  of  an  Induced  Drosophila  Melanoma  in  the  Study  of  Mammal¬ 
ian  Neoplasia”  -  R.  Kassel,  L.  Burton,  and  F.  Friedman,  St.  Vincent’s 
Hospital,  New  Yoric,  N.  Y. 
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“Induced  Genetic  Change  in  Drosophila  melanogaster  by  Injected  Ex¬ 
tracts  of  Neoplastic  Flies,  Mice,  and  Humans”  -  Morris  H.  Hamly,  New 
York  University,  New  York,  N.  Y. 

“Genetic  Regulation  of  Dopa  Oxidase  Activity  in  Drosophila**  -  Herman 
W.  Lewis,  Michigan  State  University,  Rochester,  Mich, 

SATURDAY,  OCTOBER  14,  1961 

A.  MOLECULAR  AND  MACROMOLECULAR  ASPECTS 
OFMELANOGENESIS 

Session  Chairman:  G.  A.  Swan 
University  of  Durham,  King’s  College 
New  Castle-upon-Tyne,  England 

9:00  A.M. 

“Tyrosinase  as  a  Model  of  the  Genetic  Control  of  Protein  Structure”  - 
Allen  S.  Fox  and  Jean  B,  Burnett,  Michigan  State  University,  East  Lansing, 
Mich. 

“Aerobic  and  Anaerobic  Carbohydrate  Utilization  in  Normal  and  Melanotic 
Fish  Pigment  Cells”  -  Douglas  G.  Humm  and  Jane  Humm,  University  of 
North  Carolina,  Chapel  Hill,  N.  C. 

“Glycolysis  by  Subcellular  Melanoma  Fractions  and  Effects  of  Insulin 
and  Endotoxin”  -  Karl  Giger,  National  Cancer  Institute,  Bethesda,  Md. 

“Cytotoxicity  of  Melanin  Precursors”  -  Paul  Hochstein  and  Gerald  Cohen, 
Columbia  University,  New  York,  N.  Y. 

“Melanogenic  Enzyme  Activity  in  the  Gene-Induced  Tumors  of  Xiphophorin 
Fishes”  -  Sylvia  S.  Greenberg,  New  York  Zoological  Society,  New  York, 
N.  Y.,  and  M.  J.  Kopac,  New  York  University,  New  York,  N.  Y. 

“Cholinesterase  Studies  of  the  Dermal  Nevus  and  Pigmented  Tumors”  - 
R.  K.  Winkelmann,  Mayo  Clinic,  Rochester,  Minn. 

“On  the  Pathway  of  the  Catechol-Tyrosinase  Reaction”  -  C,  R.  Dawson 
and  W.  B,  Tarpley,  College  of  Physicians  and  Surgeons,  Columbia  Uni¬ 
versity,  New  Yorit,  N.  Y. 

B.  MOLECULAR  AND  MACROMOLECULAR  ASPECTS  OF  MELANO- 
GENESIS 

Session  Chairman:  C.  R.  Dawson 
College  of  Physicians  and  Surgeons,  New  York,  N.  Y. 


2:00  P.M.  - 

“Chemical  and  Autorndiographic  Analysis  of  Tyrosinase  Activity  in 
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Melanoma  and  Related  Lesions”  -  J.  P.  Chang,  W.  O.  Russell,  J.  S. 
Stehlin,  Jr.,  and  J.  Leslie  Smith,  Jr.,  M.  D.  Anderson  Hospital  and  Tumor 
Institute,  Houston,  Texas. 

“Tyrosinase,  Copper,  and  the  Kinetic  Stability  of  Oxygen”  -  Harold  J. 
Bright,  Brian  J.  B.  Wood,  and  Lioyd  L.  Ingraham,  University  of  California, 
Davis,  Calif. 

“The  Relation  between  Chromatophores  and  Pterin  Compounds”  -  Tadao 
Hama,  Keio  University,  Yokohama,  Japan. 

“Chromatographic  Analysis  of  Urinary  Melanin  Pigment”  -  E.  Ghislandi, 
Clinica  del  Lavoro  dell’  Universita  di  Milano,  Milan,  Italy. 

“Site  of  Action  of  Chemical  Agents  on  Fish  Melanophore  with  Special 
Reference  to  Electrophoretic  Theory  of  Pigment  Migration”  -  Haruo 
Kinosita,  University  of  Tokyo,  Tokyo,  Japan. 

“Chemical  Structure  of  Melanins”  -  G.  A.  Swan,  University  of  Durham, 
King’s  College,  New  Castle-upon-Tyne,  England. 

“Tyrosine  Metabolism  in  Insects”  -  P.  Brunet,  Oxford  University,  Oxford, 
England. 

“Responses  of  Cultured  Melanophoresto  the  Synthetic  Hormones  («)  MSH, 
Melatonin  and  Epinephrine”  -  Ronald  R.  Novales,  Northwestern  Uni¬ 
versity,  Evanston,  Ill.  (Read  by  title.) 


SECTION  OF  BIOLOGICAL  AND  MEDICAL  SCIENCES 


Charles  Noback 
Chairman 


Preston  L.  Perlman 
Vice-Chairman 
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THE  MANAGEMENT  OF  PEPTIC  ULCER 


Monday,  October  16  and 
Tuesday,  October  17,  1961 


Conference  Chairman:  David  C.  H.  Sun 
Mt.  Alto  Veterans  Administration  Hospital  and 
The  George  Washington  University 
Washington,  D.C. 


MONDAY,  OCTOBER  16,  1961 


Session  Chairman:  Franklin  Hollander 
Mt.  Sinai  Hospital,  New  York,  N.  Y. 

9:00  AM.  - 

Greetings  from  the  Academy  -  Charles  Noback,  Chairman,  Section  of 
Biological  and  Medical  Sciences,  The  New  York  Academy  of  Sciences, 
New  York,  N.  Y.;  College  of  Physicians  and  Surgeons,*  Columbia  Uni¬ 
versity,  New  York,  N.  Y. 

Opening  Remarks  -  David  C.  H.  Sun,  Mt.  Alto  Veterans  Administration 
Hospital  and  The  George  Washington  University,  Washington,  D.  C. 

“Recent  Advances  in  the  Physiology  of  Gastric  Secretion"  -  Franklin 
Hollander,  Mt.  Sinai  Hospital,  New  York,  N.  Y. 

“The  Fine  Structure  of  the  Oxyntic  Cell  in  Relation  to  Functional  Activ¬ 
ity  in  the  Stomach"  -  Albert  W.  Sedar,  Jefferson  Medical  College,  Phil¬ 
adelphia,  Pa. 

“The  Role  of  Histamine  in  Gastric  HCl  Secretion"  -  T.  M.  Lin,  Eli 
Lilly  Research  Laboratories,  Indianapolis,  Ind. 

“Duodenal  Mechanisms  forinhibition  of  Gastric  Secretion"  -  Rene  Menguy, 
University  of  Kentucky,  Lexington,  Ky. 

“Gastrin  and  the  Control  of  its  Release"  -  David  State,  Albert  Einstein 
College  of  Medicine,  New  York,  N.  Y. 

“Vagal  Influences  in  Gastric  Secretion"  -  Daniel  Shapira,  Albert  Einstein 
College  of  Medicine,  New  York,  N.  Y. 

"Occurrence  of  Plasma  Proteins  in  Gastric  Mucus  and  Other  Secretions" 

-  Martin  Horowitz,  and  Franklin  Hollander,  Mt.  Sinai  Hospital,  New  York, 
N.  Y. 
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I  Session  Chairman:  Joseph  B.  Kirsner 

University  of  Chicago,  Chicago,  Ill. 

2:00  P.M. 

“Recent  Developments  in  Peptic  Ulcer"  -  Joseph  B.  Kirsner,  University 
of  Chicago,  Chicago,  Ill. 

“Certain  Genetic  Aspects  of  Peptic  Ulcer,  With  Particular  Reference  to 
Blood  Group"  -  Joseph  A.  Buckwalter,  State  University  of  Iowa,  Iowa 
City,  Iowa 

“The  Gastric  Ulcer  Problem"  -  Gordon  McHardy,  Louisiana  State  Uni¬ 
versity  Sdiool  of  Medicine,  New  Orleans,  La. 

“The  Medical  Management  of  Duodenal  Ulcer"  -  David  C.  H.  Sun,  Mt. 
Alto  Veterans  Administration  Hospital,  Washington,  D.  C. 

“Complications  of  Peptic  Ulcer  and  Their  Management"  -  William  A. 
Haubrich,  Henry  Ford  Hospital,  Detroit,  Mich. 

PANEL  DISCUSSION:  “Pertinent  Issues  on  Peptic  Ulcer  Disease" 
Moderator,  Joseph  B.  Kirsner,  University  of  Chicago,  Chicago,  Ill. 


TUESDAY,  OCTOBER  17,  1961 


Session  Chairman:  David  C.  H.  Sun 
Mt.  Alto  Veterans  Administration  Hospital  and 
The  George  Washington  University 
Washington,  D.  C. 

9:00  A.M.  - 

“Pharmacodynamic  Evaluation  of  Glycopyrrolate  in  Animals"  -  John  W. 
Ward,  B.V.  Franko,  R.  S.  Alphin  and  C.  D.  Lunsford,  A.  H.  Robins  Com¬ 
pany,  Inc.,  Richmond,  Va. 

“Clinical  Evaluation  of  Promandeline  263"  -  Joseph  M.  Gambescia, 
Hahnemann  Medical  College  and  Hospital,  Philadelphia,  Pa. 

“Comparative  Pharmacological  and  Physiological  Effects  of  Glycopyrro¬ 
late  and  Propantheline"  -  David  C.  H.  Sun,  Mt.  Alto  Veterans  Adminis¬ 
tration  Hospital,  Washington,  D.  C. 

“Physiological  Effect  and  Clinical  Evaluation  of  Glycopyrrolate  in 
Peptic  Ulcer  Disease"  -  Hugo  C.  Moeller,  University  of  California,  San 
Francisco,  Calif. 

“Physiological  and  Clinical  Evaluation  of  Gastric  Acidity  with  Gly¬ 
copyrrolate,  Histamine,  and  Insulin  Stimulation"  -  W.  E.  Abbott,  Harvey 
Kriegler,  and  Alfy  Sourial,  University  Hospitalsof  Cleveland,  Cleveland, 
Ohio 
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“Action  of  Glycopyrrolate  on  Gastrointestinal  Motility”  -  Robert  Young, 
Georgetown  University  School  of  Medicine,  Washington, *0.  C. 

“The  Role  of  Anticholinergic  Drugs  in  the  Treatment  of  Peptic  Ulcer 
Disease”  -  Julian  Ruffin  and  David  Cayer,  Duke  University  School  of 
Medicine,  Durham,  N.  C. 

PANEL  DISCUSSION 

PRESENT  STATUS  OF  VAGOTOMY: 

PHYSIOLOGIC  AND  CLINICAL  ASPECTS 

Session  Chairman:  Henry  L.  Bockus 
Graduate  School  of  Medicine 
University  of  Pennsylvania,  Philadelphia,  Pa. 

2:00  P.M.  - 

“Vagotomy”  -  Lester  R.  Dragstedt,  Department  of  Surgery,  University 
of  Florida,  Gainesville,  Fla. 

“Vagotomy  and  Pyloroplasty”  -  Stanley  D.  Hoerr,  Cleveland  Clinic, 
Cleveland,  Ohio 

“Vagotomy  and  Antrectomy”  -  H.  William  Scott,  Department  of  Surgery, 
Vanderbilt  University  School  of  Medicine,  Nashville,  Tenn. 

“Postvagotomy  -  Gastric  Stasis”  -  James  L.  A.  Roth,  Graduate  School 
of  Medicine,  University  of  Pennsylvania,  Philadelphia,  Pa. 

“Postvagotomy  and  Gastrectomy  -  Nutrition  and  Steatorrhea”  -  Perry  J. 
Culver,  Harvard  Medical  School,  Boston,  Mass. 

PANEL  DISCUSSION:  Moderator,  Henry  L.  Bockus,  Graduate  School  of 
Medicine^  University  of  Pennsylvania,  Philadelphia,  Pa. 
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Kerby,  Grace  P.,  M.D.,  Medicine.  Professor  of  Medicine,  Duke  University, 
Durham,  N.  C. 

SUSTAINING 

Hartmann,  Philippine,  M.D.,  Cancer.  Gynecologist,  Private  Practice  Munich, 
Germany. 

Paule,  James  Mitchel,  M.D.,  Internal  Medicine.  Resident  in  Internal  Medicine, 
V.  A.  Hospital,  Dallas,  Texas. 


ACTIVE 

Anderson,  Albert  Louis,  M.D.,  Medical.  Surgeon,  Private  Practice,  Annapolis,  Md. 
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Ashikawa,  James  K.,  Ph.D.,  Nuclear  Medicine.  Radiation  Physicist,  Los  Angeles 
County  Hospital,  Los  Angeles,  Calif. 

Baker,  Frances  Ellen,  Ph.D.,  Mathematics.  Professor  of  Mathematics,  Vassar 
College,  Poughkeepsie,  N,  Y. 

Baker,  Walter  L.,  M.S.,  Acoustics.  Assistant  Professor,  Pennsylvania  State 
University,  State  College,  Pa. 

Baron,  Frank  J.,  Ph.D.,  Plant  Physiology.  Research  Forester,  U.  S.  Forest 
Service,  Berkeley,  Calif. 

Barr,  Lloyd,  Ph.D.,  Muscle  Physiology.  Assistant  Professor  of  Physiology, 
University  of  Michigan,  Ann  Arbor,  Mich. 

Bearman,  Jacob  E.,  Ph.D.,  Statistical  and  Mathematical  Methods,  in  Medical  and 
Public  Health  Research.  Professor  and  Head,  Division  of  Biostatistics, 
University  of  Minnesota,  Minneapolis,  Minn. 

Becker,  Bernard  A.,  M.S.,  Pharmacology.  Senior  Research  Pharmacologist, 
Strasenburgh  Laboratories,  Rochester,  N.  Y. 

Bercovitz,  Joseph,  LL.B.,  Engineering.  Patent  Attorney,  New  York,  N.  Y. 

Bester,  Alfred,  A.B.,  Microbiology.  Author,  Ho/iday  Magazine,  New  York,  N.  Y. 

Blackmore,  William  Russell,  Ph.D.,  Physical  Sciences.  Operations  Research 
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ological  Chemistry,  Johns  Hopkins  University,  Baltimore,  Md. 
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Cesaro,  Richard  &,  B.S.,  Astronautics.  Vice-President,  Corporate  Planning 
Research  and  Development,  Sands  Point,  N.  Y. 

Chao,  Tsai  H.,  Ph.D.,  Organic  Chemistry.  Senior  Research  Chemist,  American 
Cyanamid  Co.,  Somerville,  N.  J. 

Daen,  Jerome,  Ph.D.,  Physical  Chemistry.  Assistant  Professor  of  Chemistry, 
Lehigh  University,  Bethlehem,  Pa. 

Dan,  Katsuma,  Ph.D.,  Embryology.  Professor  of  Embryology,  Tokyo  Metropolitan 
University,  Tokyo,  Japan. 

Daudel,  Raymond,  D.Sc.,  Applied  Waves  Mechanics.  Professor,  Sorbonne,  Paris, 
France. 

Davis,  R.  F.,  Ph.D.,  Animal  Nutrition.  Professor  and  Head,  Department  of 
Dairy  Science,  University  of  Maryland,  College  Park,  Md. 

Djavaheri,  Amir  Assad,  M.D.,  Surgery.  Senior  resident,  Staten  Island  Hospital, 
Staten  Island,  N.  Y. 

Dunn,  Robert  George,  Jr.,  M.D.,  Radiology.  Director,  Department  of  Radiology, 
Phoebe  Putney  Memorial  Hospital,  Albany,  Ga. 

Dyer,  Denzel  L.,  Ph.D.,  Biochemistry.  Space  Biotechnology  Section,  The  Martin 
Co.,  Denver,  Colo. 

Eagle,  Harry,  M.D.,  Cell  Biology.  Chairman,  Department  of  Cell  Biology,  Albert 
EUnstein  College  of  Medicine,  New  York,  N.  Y. 

Evans,  Evan  C.,  Ill,  A.B.,  Biophysics.  U.  S.  Naval  Radiation  Defense  Labora¬ 
tory,  Berkeley,  Calif. 

Ewing,  Galen  W.,  Ph.D.,  Chemical  Instrumentation  for  Analysis.  Professor  of 
Chemistry  and  Acting  Head  of  the  Department,  New  Mexico  Highlands  Uni¬ 
versity,  Las  Vegas,  N.  Mex. 

Fabrizio,  David  P.  A.,  B.A.,  Genetics.  Research  Assistant,  South  Jersey  Medical 
Research  Foundation,  Camden,  N.  J. 

Feinberg,  Irwin,  M.D.,  Clinical  and  Experimental  Psychiatry.  Acting  Chief, 
Section  of  Psychopathology,  National  Institute  of  Mental  Health,  Bethesda,  Md. 

Feinstein,  Donald,  M.D.,  Internal  Medicine.  Resident  in  Internal  Medicine,  Los 
Angeles  County  General  Hospital,  Los  Angeles,  Calif. 

Figdor,  Sanford  K.,  Ph.D.,  Medicinal  Chemistry.  Research  Chemist,  Charles 
Pfizer  and  Co.,  Groton,  Conn. 

Gagliardi,  D.  Donald,  B.&,  Chemistry.  Research  Director  and  President,  Ga- 
gliardi  Research  Corp.,  East  Greenwich,  R.  I. 

Genevaux,  Lucien  Emile,  Physical  Sciences,  Independent  Research,  Toulon, 
(Var),  France, 

Goldman,  Marvin,  Ph.D.,  Radiation  Biology.  Associate  Research  Radiation  Biol¬ 
ogist  and  Lecturer  in  Radiation  Biology,  University  of  California,  Davis, 
Calif. 

Graves,  William  F.,  M.D.,  Medican  and  Criminological.  Private  Practice,  Alhambra, 
Calif. 

Green,  James  A.,  M.D.,  General  Medicine.  Private  Practice,  Whittier,  Calif. 

Greenblatt,  Charles  Leonard,  M.D.,  Physiology  of  Development.  Visiting  Pro¬ 
fessor,  Faculty  of  Medicine,  National  University,  San  Salvador,  El  Salvador. 

Hackethal,  Clemens  A.,  M.D.,  Internal  Medicine.  Resident  Physician,  The  Mason 
Clinic,  Seattle  Wash. 

Hendry,  Edward  Bruce,  Ph.D.,  Clinical  Biochemistry.  Senior  Lecturer.  Clinical 
Biochemistry,  University  of  Glasgow,  Glasgow,  Scotland. 

Higashi,  Noboru,  M.D.,  Virology,  Professor,  Biophysics,  Kyoto  University, 
Kyoto,  Japan. 

Hodgson,  Robert  Willard,  M.S.,  Plant  Science.  Dean  and  Assistant  Director 
Emeritus,  Division  of  Agricultural  Sciences,  University  of  California,  Los 
Angeles,  Calif. 
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Holland,  Antony  Stanley  Bassett,  B.Sc.,  Mathematical  Physics.  Assistant  Pro* 
lessor.  University  of  Alberta,  Calgary,  Alta.,  Canada. 
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Neurological  Surgery,  College  of  Physicians  and  Surgeons,  Columbia  Uni¬ 
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State  University,  Columbus,  Ohio. 
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Huitric,  Alain  C.,  Ph.D.,  Medicinal  Chemistry.  Associate  Professor,  Pharma¬ 
ceutical  Chemistry,  University  of  Washington.  Seattle,  Wash. 
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vicem  Veterans  Administration  Outpatient  Clinic,  Boston,  Mass. 

Kalra,  S.  L.,  Ph.D.,  Viral  and  Rickettsial  Diseases.  Professor  of  Bacteriology, 
All-India  Institute  of  Medical  Sciences,  New  Delhi,  India. 

Keller,  Fred,  B.S.,  Medicinal  Chemistry.  Senior  Chemist,  Medicinal  Chemistry 
Section,  Research  Division,  Riker  Laboratories,  Inc.,  Northridge,  Calif. 

Keller,  Roy  A.,  Ph.D.,  Physical  Chemistry.  Assistant  Professor,  University  of 
Arizona,  Tucson,  Ariz. 

Kelley,  Alec  E.,  Ph.D.,  Organic  Chemistry.  Assistant  Professor,  Department  of 
Chemistry,  University  of  Arizona,  Tucson,  Ariz. 

Kellogg,  William  W.  Ph.D.,  Meteorology.  Head,  Planetary  Sciences  Department, 
The  Rand  Coip.,  Santa  Monica,  Calif. 

Kells,  Lyman  F.,  Ph.D.,  Chemistry.  Special  Lecturer,  Newark  College  of  Engi¬ 
neerings  Newark,  N.  J. 

Kelly,  Martin  J.,  Ph.D.,  Physics.  Physicist,  Technical  Research  Group,  Inc., 
Syosset,  N.  Y. 

Kemp,  Cecil  R.,  Ph.D.,  Physiology.  Associate  Professor,  Biological  Sciences, 
Indiana  State  College,  Terre  Haute,  Ind. 

Kempner,  Joseph,  Ph.D.,  Aerospace  Engineering.  Professor  of  Aeronautical 
Engineering,  Polytechnic  Institute  of  Brooklyn,  Brooklyn,  N.  Y. 

Kent,  Allen,  B.S.,  Documentation.  Professor  of  Library  Science,  Western  Re¬ 
serve  University,  Cleveland,  Ohio. 

Kilpatrick,  David  G.,  Biophysics.  Staff  Engineer,  General  Astronics  Corp.,  Bala 
Cynwyd,  Pa. 

Kirschner,  Stanley,  Ph.D.,  Inorganic  Chemistry.  Professor  of  Chemistry,  Wayne 
State  University,  Detroit,  Mich. 
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Board  of  Education,  New  York,  N.  Y. 

Knoll,  William,  M.D.,  Anesthesiology.  Chief,  Anesthesiology  Section,  Veterans 
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Koch,  Joergen,  Dr.  Ing.,  Physics.  Professor  of  Physics,  University  of  Copen¬ 
hagen,  Copenhagen,  Denmark. 

Korson,  Roy,  M.D.,  Pathology.  Associate  Professor  of  Pathology.  University  of 
Vermont,  Burlington,  Vt. 

Lapin,  David  M.,  B.A.,  Blood  Physiology.  Graduate  Student,  Graduate  School  of 
Biology,  New  York  University,  New  York,  N.  Y. 
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Peeler,  Richard  N.,  M.D.,  Allergy.  Assistant  in  Medicine,  Johns  Hopkins  Uni¬ 
versity,  Baltimore,  Md. 

Perlin,  Seymour,  M.D.,  Psychiatry.  Chief,  Division  of  Psychiatry,  Montefiore 
Hospital,  New  York,  N.  Y. 
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Medical  Centre,  Pithapur,  Souttiem  India. 

Walker,  Stuart  Hodge,  M.D.,  Pediatrics  and  Microbiology.  Associated  Professor, 
Pediatrics,  University  of  Maryland,  College  Park,  Md. 

Wallraff,  Evelyn  B.,  Ph.D.,  Medical  Microbiology.  Tucson,  Ariz. 

Weidenbaum,  Joel,  B.S.,  Biological  and  Medical  Sciences.  Biology  Teacher, 
Hunter  College  Hi^  School,  New  York,  N.  Y. 

Westbrook,  Edwin  R.,  M.D.,  Internal  Medicine.  Private  Practice,  Warren,  Ohio. 

Weston,  Carl  R.,  M.Sc.,  Avian  Microbiology.  Head,  Research  Laboratory,  Honegger 
Breeder  Hatchery,  Forrest,  Ill. 

White,  Mrs.  Edward  E^,  A.M.,  Anthropology.  Part-time  Teacher,  New  York,  N.  Y. 

Wyart,  Jean,  D.Sc.,  Crystallography.  Professor,  Faculty  of  Sciences,  University 
of  Paris,  Paris,  France. 

Yellin,  Tobias  O.,  B.Sc.,  Pharmacology.  Graduate  Student,  Philadelphia  College 
of  Pharmacy  and  Science,  Philadelphia,  Pa. 


STUDEN I  MEMBERSHIP 

Gallagher,  Margaret  R.,  M.S.,  Cellular  Physiology.  Hematology  Research,  New 
York  Medical  School,  New  York,  N.  Y. 

Geller,  Joseph,  A.B.,  Medicine.  Medical  Student,  New  York  University  School 
of  Medicine,  New  York,  N.  Y. 

Robinson,  William  Blaine,  M.S.,  Food  Science.  Research  Assistant  in  Food 
Science  and  Graduate  Student,  Department  of  Food  Science,  Rutgers  University, 
New  Qunswick,  N.  J. 

Witorsch,  Philip,  A.B.,  Immunology.  New  York  University  School  of  Medicine, 
New  York,  N.  Y. 
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Elected  July  14,  1961 


SUSTAINING 


Kantor,  Joy  Sandra,  EcLD.,  Science  Education.  Research  Assistant,  Institute  of 
Psychological  Research,  Teachers  College,  Columbia  University,  New  York, 
N.  Y. 

Thuss,  William  Getz,  Sr.,  M.D.,  Occupational  Medicine  and  Surgery.  Associate 
Medical  Director,  State  Farm  Insurance  Companies,  Birmingham,  Ala, 


ACTIVE 

Acowitz,  Alois  Vincent,  A.M.,  Anthropology.  Academic  Faculty,  Juilliard  School 
of  Music,  New  York,  N.  Y. 

Adelson,  Morris  B.,  B.S.EUE.,  Reliability  of  Space  Electronics.  Senior  Project 
Engineer,  Arinc  Research  Corp.,  Washington,  D.  C. 

Agresta,  Joseph,  Ph.D.,  Physics.  Physicist,  United  Nuclear  Corp.,  White  Plains, 
N.  Y. 

Asencio-Camacho,  Fernando,  M.D.,  Medicine.  Private  Practice,  Bayamon, 
Puerto  Rico. 

Atta,  Antonio  Gabriel,  M.D.,  Internal  Medicine.  Research  Fellow,  South  Jersey 
Medical  Research  Foundation,  Camden,  N.  J. 

Aubert,  Emilien,  B.Sc.,  Bacteriology.  Bacteriologist,  Ste.  Anne’s  Hospital, 
Department  of  Veteran  Affairs,  Government  of  Canada,  Quebec,  Canada. 

Aucremann,  Charles  EU,  M.D.,  Medicine.  Chief  of  Staff,  Mound  Park  Hospital, 
St.  Petersburg,  Fla. 

Baker,  George  R.,  M.D.,  Thyroid  disease.  Private  Practice,  Boise,  Idaho. 

Baltes,  Bernard  Joseph,  Ph.D.,  Neuropharmacology.  Medical  Research  Director, 
Xttrium  Laboratories,  Inc.,  Chicago,  Ill. 

Barrios,  Alceo.  M.D..  Cardiovascular  Problems.  Head,  Dispensario  Antirreumatico 
y  Cardiovascular  in  Lujan,  Bs.  As.,  Argentina. 

Bhargava,  Indra,  M.S.,  Anatomy.  Professor  and  Head,  Department  of  Anatomy, 
M.G.M.  Medical  College,  Indore,  M.P.,  India. 

Blackman,  Vernon  H.,  Ph.D.,  Plasma  Physics.  Technical  Director,  MHD  Research 
Inc.,  Newport  Beach,  Calif. 

Blair,  G.  Richard,  B.A.,  Physical  Inorganic.  Member  of  Technical  Staff  (Group 
leader)  Hughes  Aircraft  Co.,  Culver  City,  Calif. 

Bray,  Philip  James,  Ph.D.,  Physics.  Professor  of  Physics,  Brown  University, 
Providence,  R.  I. 

Brightsen,  R.  A.,  M.S.,  Beta  Decay  Energetics.  President,  Nuclear  Science 
and  Engineering  Corp.,  Pittsburgh,  Pa. 

Brotman,  Sanford,  Ph.D.,  Personality  Theory.  Staff  psychologist,  Los  Angeles 
County  General  Hospital,  Los  Angeles,  Calif. 

Bniice,  Thomas  C.,  Ph.D.,  Organic  Biochemistry.  Associate  Professor,  Chemis¬ 
try,  Cornell  University,  Ithaca,  N.  Y. 

Bullivant,  Stanley,  Ph.D.,  Biological  Electron  Microscopy.  Head  of  Electron 
Microscopy  Section,  New  York  State  Department  of  Health,  Albany,  N.  Y. 

Burgdorf,  Otto  P.,  M.A.,  Science  Education.  Editor,  Bureau  of  Curriculum  Re¬ 
search,  New  Yoric  City  Board  of  Education,  Elmhurst,  N.  Y. 

Bush,  James,  Ph.D.,  Geosciences,  Consultant  in  Geology.  General  Electric  Co., 
Syracuse,  N.  Y. 

Campbell,  George  L.  Jr.,  M.N.S.,  Physiology-Biochemistry.  Assistant  Instructor, 
Rutgers,  The  State  University,  New  Brunswick,  N.  J. 
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Carle,  Birdsall  N.,  M.D.,  General  and  Comparative  Pathology.  Pathologist, 
Latter  Day  Saints  Hospital,  Salt  Lake  City,  Utah. 

Cervin,  Vladimir  B.,  Ph.D.,  Persuasion.  Associate  Professor,  Assumption  Uni¬ 
versity  of  Windsor,  Toronto,  Ont.,  Canada. 

Cox,  Lionel  A.,  Ph.D.,  Chemistry.  Vice-President,  Research  and  Development, 
Personal  Products  Corp.,  Milltown,  N.  J. 

De  Filippis,  Vito,  M.D.,  Indocrinology.  Assistant  Professor,  Istituto  Di  Semei- 
otica  Medica,  Policlinico,  Naples,  Italy. 

Deming,  John  Winton,  M.D.,  Medicine.  Assistant  Professor,  Tulane  University, 
New  Orleans,  La. 

Douglas,  Donald,  A.B.,  Neurophysiology.  Retired  Lecturer,  New  York,  N.  Y. 

Ehmer,  Richard  H.,  Ph.D.,  Psychology.  Associate  Professor  of  Psychology,  Uni¬ 
versity  of  Bridgeport,  Bridgeport,  Conn. 

Eiseley,  Loren  Corey,  Ph.D.,  Anthropology.  Provost  of  the  University  of  Penn¬ 
sylvania,  Philadelphia,  Pa. 

Gaertner,  Henryk  A.,  M.D.,  Hematology.  Senior  Assistant,  Third  Medical  Clinic, 
Krakow,  Poland. 

Gillingham,  James  M.,  B.A.,  Pharmaceutical.  Director  of  Research  and  Develop¬ 
ment,  Vale  Chemical  Co.,  Inc.,  Allentown,  Pa. 

Greene,  Carl  Hartley,  Ph.D.,  Internal  Medicine.  Associate  Professor  of  Clinical 
Medicine,  New  York  University,  New  York,  N.  Y. 

Grutter,  Frederick  H.,  Ph.D.,  Microbiology,  Senior  Scientist,  Warner  Lambert 
Research  Institute,  Morris  Plains,  N.  J. 

Haskell,  A.  R.,  Ph.D.,  Pharmacology.  Technical  Director  of  Marion  Laboratories, 
Inc.,  Kansas  City,  Mo. 

Heebner,  David  R.,  M.S.,  Design  of  Information  Systems.  Associate  Manager, 
Hu^es  Aircraft  Co.,  Fullerton,  CaliL 

Heisterkamp,  David  V.,  A.B.,  Biological  and  Medical.  Research  Fellow  in  He¬ 
matology,  Darmouth  Medical  School,  Hanover,  N.  H. 

Hope-Simpson,  Robert  Edgar,  M.R.C.S.,  Epidemiology.  Private  Practice,  Ci¬ 
rencester,  Glos.,  England. 

Houtz,  Harold  H.,  Ph.D.,  Electrochemistry  and  Chemistry.  Chlorine  Plant 
Manager,  Weyerhaeuser  Co.,  Longview,  Wash. 

Howard,  Frank  L.,  Ph.D.,  Physical  Chemistry.  Research  Chemist,  Kaiser 
Aluminum  and  Chemical  Corp.,  Spokane,  Wash. 

Howell,  James  Russel,  M.D.,  General  Surgery.  Private  Practice,  Aiken,  &  C. 

Hudson,  Bruce  W.,  Ph.D.,  Biochemistry.  Biochemist,  U.S.  Public  Health  Service, 
San  Francisco,  Calif. 

Hunt,  James  Lyman,  M.A.,  Geological  Sciences.  Sedimentation  Specialist,  Soil 
Conservation  Service  Engineering  and  Water  Shed  Planning  Unit,  Upper 
Darby,  Pa. 

Hunt,  John  M.,  Ph.D.,  Organic  Geochemistry.  Head,  Geochemical  Research, 
Jersey  Production  Research  Co.,  Tulsa,  Okla. 

Iguina-Mora,  Martin  A.,  M.D.,  Opthalmology.  Private  Practice,  Arecibo,  Puerto 
Rico. 

Kazuo,  Nakatsuka,  D.Sc.,  Polymer  Chemistry.  Chief  of  Research  Section,  Mitsu¬ 
bishi  Rayon  Co.  Ltd.,  Tokyo,  Japan. 

Kelly,  Margaret  G.,  Ph.D.,  Pharmacology.  Pharmacologist,  National  Cancer 
Institute,  Bethesda,  Md. 

Kelso,  Albert  F.,  Ph.D.,  Cardiovascular  and  Respiratory  Physiology.  Professor 
and  Chairman,  Department  of  Physiology  and  Pharmacology,  Chicago  College 
of  Osteopathy,  Chicago,  Ill. 

Kennington,  Garth  Stanford,  Ph.D.,  Ecolo^.  Associate  Professor  of  Zoology  and 
Physiology,  University  of  Wyoming,  Laramie,  Wyo. 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


99 


LeVee,  Clarence  Hughes,  EU&,  Electrical  Power,  Vice-President,  A.B.  Chance 
Co.,  Centralia,  Mo. 

Lohwater,  Arthur  J.,  Ph.D.,  Mathematics.  Professor,  Rice  University,  Houston, 
Texas. 

Lorincz,  Albert  B.,  M.D.,  Toxemias  of  Pregnancy.  Assistant  Professor  of  Ob¬ 
stetrics  and  Gynecology,  The  University  of  Chicago,  Chicago,  Ill. 

Luchi,  Robert  John,  M.D.,  Cardiology.  Associate  in  Medicine,  University  of 
Pennsylvania,  Philadelphia,  Pa. 

MacCarty,  Collin  S.,  M.S.,  Neurological  Surgery.  Professor,  University  of  Minne¬ 
sota,  Rochester,  Minn. 

MacGillivray,  John  H.,  Ph.D.,  Vegetable  Physiology.  Professor  of  Vegetable 
Crops,  California  Agricultural  Experiment  Station,  University  of  California, 
Davis,  Calif. 

McCallum,  Kenneth  James,  Ph.D.,  Physical  Chemistry.  Professor  and  Head,  De¬ 
partment  of  Chemistry,  University  of  Saskatchewan,  Saskatoon,  Sask.,  Canada. 

McCollum,  Elmer  Vemer,  Ph.D.,  Biochemistry.  Professor  Emeritus  of  Bio¬ 
chemistry,  Johns  Hopkins  University,  Baltimore,  Md. 

McConnell,  Robert  K.,  Jr.,  A.M.,  Mathematics.  Assistant  Professor,  Upsala 
College,  East  Orange,  N.  J. 

McCracken,  Leslie  Guy,  Jr.,  Ph.D.,  Automatic  Control  and  Electromagnetic 
Theory.  Associate  Professor  of  Electrical  Engineering,  Lehigh  University, 
Bethlehem,  Pa. 

McCullough,  Roy  Lynn,  Ph.D.,  Molecular  Structure.  Research  Chemist,  Chem- 
strand  Research  Center,  Durham,  N.  C. 

Mallardi,  Angelo,  M.D.,  Pediatrics.  Medical  Director  of  "Preventorio  per  la 
prima  infanzia”,  Trani  (Bari),  Italy. 

Malott,  Ralph  J.,  M.D.,  Psydiology.  Private  Practice,  Casper,  Wyo. 

Manske,  Richard  HJ^.,  Ph.D.,  Organic  Chemistry.  Director  of  Research,  Dominion 
Rubber  Co.  Ltd.,  Guelph,  Ont.,  Canada. 

Mensorio,  Florence  A.,  B.A.,  Biological  Sciences.  Junior  Chemist,  American 
Machine  and  Foundry,  Springdale,  Conn. 

Mertens,  Lawrence  E.,  M.S.,  Electrical  Engineering.  Manager,  Digital  Commu¬ 
nications  Ehgineering,  Radio  Coip.  of  America,  Camden,  N.  J. 

Mertz,  Pierre,  Ph.D.,  Electrical  Communication.  Consultant,  Long  Beach, 
L.  I.,  N.  Y. 

Merz,  Timothy,  Ph.D.,  Cytogenetics.  Assistant  Professor,  Environmental  Medi¬ 
cine,  The  Johns  Hopkins  Uiuversity,  Baltimore,  Md. 

Nager,  George  Theodore,  M.D.,  Otolaryngic  Pathology.  Assistant  Professor  of 
Laryngology,  The  Johns  Hopkins  University,  Baltimore,  Md. 

Novick,  William  J.  Jr.,  Ph.D.,  Pharmacology.  Senior  Pharmacologist  Smith 
Kline  and  French  Labs.,  Philadelphia,  Pa. 

Noyes,  Howard  EU,  Ph.D.,  Medical  Microbiology.  Chief,  Surgical  Bacteriology 
Section,  Walter  Reed  Army  Institute  of  Research,  Washington,  D.  C. 

Nubar,  Yves,  Ph.D.,  Physics.  Consultant,  Research  Division,  New  York  Uni¬ 
versity,  New  York,  N.  Y. 

Olewine,  Donald  Austin,  Ph.D.,  Age  Changes  in  Renal  Physiology.  Physiologist, 
Gerontology  Section  of  National  Heart  Institute,  Baltimore,  Md. 

Oliphant,  Joseph  Frederick,  Ph.D.,  Parasitology.  Professor  of  Biology,  Stanford 
University,  Stanford,  Calif. 

Palmer,  Stephen  Donald,  M.D.,  Pediatrics.  Director,  Clinical  Laboratories,  Uni¬ 
versity  Hospital,  Birmingham,  Ala. 

Pearson,  John  Kent,  M.D.,  Medicine.  Private  Practice,  Apex,  N.  C. 

Portnoy,  Bernard,  M.D.,  Microbiology.  Assistant  Professor  of  Pediatrics,  State 
University  of  New  York,  Syracuse,  N.  Y. 
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Post,  Howard  W.,  Ph.D.,  Organic  Chemistry.  Professor,  University  of  Buffalo, 
N.  Y. 

Price,  Kenneth  E.,  Ph.D.,  Cancer  Chemotherapy.  Assistant  Director  of  Micro¬ 
biological  Research,  Briston  Laboratories,  Syracuse,  N.  Y. 

Rao,  Jillella  S.  Ramakrishna,  D.Sc.,  Mineral  Deposits.  Lecturer  in  Geology, 
Andhra  University,  Waltair,  India, 

Reddy,  John  Bernard,  M.D.,  Otology.  Assistant  Professor,  Octolaryngology, 
Jefferson  Medical  College,  Philadelphia,  Pa. 

Reid,  Jerome  L.,  B.S.,  Chemistry.  Assistant  Emulsion  Chemist,  Polaroid  Cotp., 
Waltham,  Mass. 

Schotte,  Oscar  E.,  Ph.D.,  Embryology.  Professor  of  Biology,  Amherst  College, 
Amherst,  Mass. 

Schulman,  Jack  H.,  Ph.D.,  Physics.  Stanley-Thompson  Professor  of  Chemical 
Metallurgy,  School  of  Mines,  Columbia  University,  New  York,  N.  Y. 

Sheldon,  Huntington,  M.D.,  Pathology.  Assistant  Professor,  McGill  University, 
Montreal,  Que.,  Canada. 

Shimamoto,  Kiro,  M.D.,  Pharmacology.  Professor,  Kyoto  University,  Kyoto, 
Japan. 

Sodi-Pallares,  Demetrio,  M.D.,  Electrocardiography.  Chief,  Department  of  Elec¬ 
trocardiography,  National  Institute  of  Cardiology  of  Mexico,  Mexico,  D.  F., 
Mexico. 

Steele,  Phyllis  Lenore,  M.D.,  Clinical  Medicine.  Private  Practice,  Balcarres, 
Sask.,  Canada. 

Stone,  Robert  E.,  M.D.,  Internal  Medicine.  Professor  and  Chairman  of  the  De¬ 
partment  of  Nutrition  and  Metabolism,  Northwestern  University,  Chicago,  Ill. 

Thompson,  William  P.,  B.A.,  Electronic  Computers.  Senior  Programmer,  Pacific 
Mutual  life  Insurance  Co.,  Systems  Development,  Los  Angeles,  Calif. 

Tuttle,  James  G.,  B.S.,  Internal  Medicine.  Private  Practice,  Albemarle,  N.  C. 

Vardhanabhuti,  Sman,  Ph.D.,  Microbiology.  Instructor,  University  of  Medical 
Sciences,  Bangkok,  Thailand. 

Vierck,  Charles  J.,  B.Sc.,  Graphics.  Visiting  Professor  of  Engineering  Graphics, 
University  of  Florida,  Gainesville,  Fla. 

Wist,  Abund  O.,  Ph.D.,  Radio  Astronomy.  Technical  Manager,  Sperry  Gyroscope 
Co.,  Great  Neck,  N.  Y. 

Wrege,  Charles  D.,  Ph.D.,  Experimental  Psychology  and  Physiology.  Assistant 
Professor  of  Industrial  Psychology,  New  York  University,  New  York,  N.  Y. 


STUDENT 

Herberman,  Ronald,  B.A.,  Immunopathology.  2nd-year  Medical  Student,  New  York 
University  College  of  Medicine,  New  York,  N.  Y. 

Liebman,  Mayer  C.,  B.A.,  Biochemistry  of  Psychomimetic  Drugs.  3rd-year  Stu¬ 
dent  of  Medicine,  New  York  University  School  of  Medicine,  New  York,  N.  Y. 

Manning,  Harvey,  M.A.,  Biophysics.  Science  Teacher  in  Junior  High  School, 
Brooklyt\  N.  Y. 

Schlachet,  Peter  J.,  Ph.D.,  Psychology.  Research  Clinical  Psychologist,  Down- 
state  Medical  Center,  New  York  State  University,  Brooklyn,  N.  Y. 

Elected  August  15,  1961 
LIFE 

Batts,  H.  Lewis  Jr.,  Ph.  D.,  Ornithology,  Professor  of  Biology,  Kalamazoo  College, 
Kalamazoo,  Mich. 
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Beach,  Robin,  D.  E^g.,  Electrical  Science,  Head  of  Firm,  Robin  Beach  Engineers 
Associated,  Brooklyn,  N,  Y. 

Singh,  Inder,  M.B.,  Armed  Forces  Medical  Services.  Professor  of  Medicine,  Armed 
Forces  Medical  College,  Poona-1,  India. 


SUSTAINING 

Bull,  Gerald  Vincent,  Ph.D.,  Aerophysical  Sciences.  Technical  Director,  Canadian 
Armament  Research  &  Development  Establishment,  Quebec,  Canada. 

Harris,  Harry  Edward,  D,  O.  Endocrinology.  Private  Practice,  Steubenville,  Ohio. 


ACTIVE 

Adams,  Evelyn  Alice,  M.  D.,  General  Practice.  Head  of  Hospital,  Nkol  Mvolan, 
Abong  Mbang,  Cameroun,  Africa. 

Adams,  William  Curtis,  M.D.,  Infectious  Diseases  of  Children,  Medical  Director, 
Variety  Children’s  Hospital  Assoc.,  Miami,  Fla. 

Atkins,  Harold  L.,  M.D, ,  Medicine.  Associate  in  Radiology,  Columbia  University 
College  of  Physicians  &  Surgeons,  New  York,  N.  Y. 

Babister,  Arthur  William,  Ph.  D.,  Mathematics.  Senior  Lecturer  in  Aeronautical 
Engineering,  The  University,  Glasgow,  Scotland. 

Baker,  Selvyn  John.  M.D.,  Biological  and  Medical  Sciences.  Associate  Professor 
of  Medicine,  Head  of  Wellcome  Research  Unit,  Christian  Medical  College  Hos¬ 
pital,  Vellore,  South  India. 

Baldwin,  Ernest,  Ph.D.,  Comparative  Biochemistry,  Professor  and  Head  of  the 
Department  of  Biochemistry,  University  College,  London,  England. 

Barclay,  Thomas  H.  C.,  M.D.,  Cancer.  Senior  Associate,  Allan  Blair  Memorial 
Clinic,  Regina,  Sask.,  Canada. 

Barker,  William  A>,  Ph.D.,  Solid  State  Physics.  Associate  Professor  of  Physics, 
St.  Louis  University,  St.  Louis,  Mo. 

Barth,  Walter,  Dr.PhiL,  Photographic  Chemistry.  Senior  Scientist,  Aero  Service 
Corp.,  Philadelphia,  Pa. 

Baserga,  Renato,  M.D.,  Pathology.  Assistant  Professor  in  Pathology,  Northwestern 
University  Medical  School,  Chicago,  IlL 

Basore,  C.  A,  Ph.D.,  Chemical  Engineering.  Head,  Department  of  Chemical  En¬ 
gineering,  Auburn  University,  Auburn,  Ala. 

Bassow,  Paul  H.,  M.D.,  Internal  Medicine,  Active  Staff  Member,  St.  Joseph  Mercy 
Hospital,  Ann  Arbor,  Mich. 

Bateman,  Gregory.,  M.D.,  Endocrinology.  Private  Pratice,  Atlanta,  Ga. 

Battist,  Lewis,  PtuD.,  Radiochemistry.  Director  of  Analytical  Division,  Nuclear 
Science  and  Engineering  Corp.,  Pittsburgh,  Pa. 

Bauer,  S.  H.,  Ph.D.,  Physical  Chemistry.  Professor  of  Chemistry,  Cornell  Univei^ 
sity,  Ithaca,  N.  Y. 

Baurer,  Theodore,  Ph.D.,  Physical  Chemistry.  Research  Scientist,  Grunman  Air¬ 
craft  Engineering  Corp.,  Bethpage,  L.L,  N.  Y. 

Bavley,  Abraham,  Ph.D.,  Organic  Chemistry.  Manager  of  Research  Division,  Philip 
Morris  Inc.,  Richmond,  Va. 

Beard,  Charles  L,  Ph.D.,  Electromagnetic  Wave  Propagation  and  Scattering. 
Senior  Engineering  Specialist,  Sylvania  Electronic  Defense  Laboratories, 
Mountain  View,  Calif. 

Beasley,  Wayne  Machon,  S.B.,  Solid  State.  Research  Assistant  Professor,  Univer¬ 
sity  of  New  Hampshire,  Rochester,  N.  H. 
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Becher,  Paul,  Ph.D.,  Surface  Chemistry.  Research  Chemist  in  Surface  Chemistry, 
Atlas  Chemical  Industries,  Inc.,  Wilmington,  Del. 

Becker,  Charles  Edward,  Ph.D.,  Biochemistry.  Research  Biochemist,  American 
Dental  Association,  Chicago,  Ill. 

Benz,  Carl  A.,  M.D.,  Ophthalmology.  Private  Practice,  Adrian,  Mich. 

Beutler,  Ernest,  M.D.,  Clinical  and  Research  Hematology.  Chairman,  Department 
of  Medicine,  City  of  Hope  Medical  Center,  Duarte,  Calif. 

Bianchini,  Pietro,  M.D.,  Endocrinology.  Director  of  Research  Laboratories, Crinos- 
Research  Labs.,  Civello,  Como,  Italy. 

Binkert,  A.  J.,  B.S.,  Hospital  Administration.  Executive  Vice-President,  The 
Presbyterian  Hospital,  New  York,  N.  Y. 

Bloom,  Kenneth  L.,  Ph.D.,  Psychology.  Counseling  Psychologist,  V.  A,  Hospital^ 
Brooklyn,  N.  Y. 

Blumberg,  Margaret  C.,  M.D.,  Editor,  Atlas  of  Tumor  Pathology.  Armed  Forces 

Institute  of  Pathology,  Washington,  D.  C 

Boyer,  Nicodemus  E.,  Ph.D.,  Organic  and  Polymer  Chemistry.  Research  Chemist, 
Armour  Research  Foundation,  Illinois  Institute  of  Technology,  Chicago,  Ill. 

Breneman,  James  C.,  M.D.,  MedicaL  Private  Practice,  Galesburg,  Mich. 

Brennan,  John  J.,  B.  A,  Manpower  Evaluation.  Engineering  Counselor,  NSPB  Inc., 
Washington,  D.  C. 

Brown,  James  L.,  M.D.,  Internal  Medicine,  Private  Practice,  San  Jose,  Calif. 

Brown,  John  W.,  M.D. ,  Preventive  Medicine.  USOM,  Thailand. 

Brown,  Merton  Leopold,  M.D.,  Internal  Medicine.  Medicine  &  Neoplasties,  Monte- 
fiore  Hospital,  New  York,  N.  Y. 

Brownstein,  S.  R.,  M. D. ,  Psychiatry.  Assistant  Clinical  Professor,  Psychiatry, 
University  of  California,  Los  Angeles,  Calif. 

Bullis,  Cora,  M.S.,  Bacteriology.  Medical  Technologist,  Scottsbluff,  Nebr. 

Callahan,  Francis  P.  Jr.,  M.A,  Applied  Mathematics,  Mathematical  Analyst, 
General  Atronics  Corp.,  Bala-Cynwyd,  Pa. 

Casey,  Paul  J.,  S.J.,  M.S.,  Analytical-Physical.  Assistant  Professor  of  Chemistry, 
University  of  Scranton,  Scranton,  Pa. 

Cassie,  Norman  M.,  B.A,  High  Polymers.  Research  Manager,  Standard  Insulation 
Co.,  East  Rutherford,  N.  J, 

Chapman,  Edward  Northrop,  M.D.,  Financial  and  Economic  Research.  Associate 
Research  Director,  Webb  Institute  for  Medical  Research,  Denver,  Colo. 

Douglas,  Bryce,  Ph.D.,  Chemistry.  Group  Leader,  Medicinal  Chemistry  Section, 
Smith  Kline  &  French  Labs.,  Philadelphia,  Pa. 

Draper,  James  Edward,  Ph.D.,  Nuclear  Physics.  Associate  Professor,  Yale  Uni¬ 
versity,  New  Haven,  Conn. 

Dreves,  Robert  G.,  Simulation  of  Aero/Space  Systems.  Head^  Air/ Space  Weapons 
System  Trainers,  U.  S.  Naval  Training  Device  Center,  Port  Washington,  N.  Y. 

Du  Praw,  Ernest  J.  Jr.,  Ph.D.,  Cellular  Biology.  Assistant  Professor,  Department 
of  Zoology,  University  of  California,  Davis,  Calif. 

Dyer,  Allan  E.,Ph.D.,  Pharmacology.  Head,  Pharmacology,  University  of  Toronto, 
Toronto,  Ont.,  Canada 

Feinberg,  Bernard  S.,  M.D.,  Physiology.  Diagnostic  Clinic,  Mt.  Sinai  Hospital, 
New  York,  N.  Y. 

Gardner,  Eric  F.,  Ed.D.,  Statistical  Experimental  Design.  Chairman,  Psychology 
Department,  Syracuse  University,  Syracuse,  N.  Y. 

Goldenberg,  David  M.,  B.Sc.,  Biology  of  Growth.  University  of  Erlangen-Nuernberg, 
West  Germany. 

Grossman,  George,  M.  A,  Mathematics.  Chairman  of  Mathematics,  W.  H.  Taft  High 
School,  New  York,  N.  Y. 
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Gruber,  Ulrich  Fritz,  M.D.,  Surgery.  Assistant  in  Surgery,  Kantonsspital  Chur, 
Switzerl  and. 

Gunter,  Ralph,  CXMecL,  Brain  and  Behavior,  Associate  Professor,  Director  of 
Laboratories,  San  Fernando  Valley  State  College,  Northridge,  Calif. 

Hazlett,  Olive  C.,  Ph.D.,  Mathematics.  Associate  Professor,  University  of  Illinois, 
Chicago,  Ill. 

Hodge,  Alan  J.,  Ph.D.,  Physics.  Professor,  Division  of  Biology,  California  Insti¬ 
tute  of  Technology,  Pasadena,  Calif. 

Hrubant,  H.  Everett,  Ph.D.,  Mammalian  Genetics.  Assistant  Professor  of  Biology, 
Long  Beach  State  College,  Long  Beach,  Calif. 

Hueter,  Francis  Gordon,  Ph.D.,  Physiological  Chemistry.  Commissioned  Officer, 
Public  Health  Service,  Cincinnati,  Ohio. 

Hughes,  Donald  H.,  Ph.D.,  Mushroom  Composition.  Research  Chemist,  Miami 
Valley  Labs.,  The  Proctor  and  Gamble  Co.,  Cincinnati,  Ohio. 

Jay,  Alan  Robert,  M.  D. ,  Pathology  of  Bone  Marrow.  Director  of  Laboratories  eind 
Pathology,  The  Swedish  Hospital,  Minneapolis,  Minn. 

Johnson,  Charles  Frederick,  M.D.,  Internal  Medicine  and  Electron  Microscopy, 
Assistant  Professor,  University  of  Chicago,  Chicago,  Ill., 

Keller,  John  R.,  Ph.D.,  Microbiology.  Assistant  Professor  of  Biology,  Seton  Hall 
University,  South  Orange,  N.  J. 

Keller,  Patricia  J.,  Ph.D.,  Protein.  Research  Assistant  Professor,  University  of 
Washington,  Seattle,  Wash. 

Kennerly,  Thomas  Jr.,  Ph.D.,  Mammalogy.  Associate  Professor  of  Biology, 
Baylor  University,  Waco,  Texas. 

Klestadt,  Bernard,  Ph.D. ,  Electrical  Engineering.  Senior  Staff  Engineer,  Space 
Systems  Division,  Hughes  Aircraft  Co.,  Culver  City,  Calif. 

Klohs,  Murle  W.,  B.S.,  Medicinal  Chemistry.  Director,  Medicinal  Chemistry,  Riker 
Laboratories,  Inc.,  Northridge,  Calif. 

Kosin,  L  L.,  Ph.D.,  Embryology.  Professor,  Washington  State  University,  Pullman, 
Wash. 

Leonard,  Louise,  Ph.D.,  Cytopathology.  Principal  Scientist,  Veterans  Administra¬ 
tion  Hospital,  Albuquerque,  N.  Mex. 

McCalley,  Robert  Bruce  Jr.,  Ph.D.,  Applied  Mechanics.  Consulting  Engineer, 
General  Electric  Co.,  Schenectady,  N.  Y. 

McCandless,  Esther  L.,  Ph.D.,  Physiology-Biochemistry.  Research  Physiologist, 
Chronic  Disease  Research  Institute,  University  of  Buffalo,  Buffalo,  N.  Y. 

McCann,  Daisy  S.,  Ph.D.,  Biochemistry.  Assistant  Professor,  Wayne  State  Univer 
sity,  Detroit,  Mich. 

McCarty,  James  E,,  M.C.,  M.D. ,  Pathology-Microbiology.  Chief,  Fourth  U.  S.  Army 
Medical  Laboratory,  Fort  Sam  Houston,  Texas. 

McConnell,  Jack  B.,  M.D.,  Clinical  Pharmacology.  Director  of  Clinical  Develop 
ment,  Lederle  Laboratories,  Pearl  River,  N.  Y. 

McCrory,  Rollin  J.,  B.S.,  Mechanical  Engineering.  Assistant  Manager,  Battelle 
Memorial  Institute,  Columbus,  Ohio. 

McGaughey,  Charles  G.,  M.  A.,  Biochemistry.  Senior  Research  Biochemist,  Ve¬ 
terans  Administration  Hospital,  Long  Beach,  Calif. 

Maibach,  Howard  L,  M.D.,  Dermatology.  Research,  University  of  Pennsylvania, 
Philadelphia,  Pa. 

Marshall,  Franklin  N.,  Ph.D,,  Pharmacology.  Instructor,  State  University  of  Iowa, 
Iowa  City,  Iowa. 

Masson,  Charles  R.,  Ph. D.,  High  Temperature  Chemistry.  Senior  Research  Of¬ 
ficer,  National  Research  Council,  Halifax,  N.  S.,  Canada. 

Mellette,  Susan  J.,  M.D.,  Cancer  Research.  Assistant  Research  Professor  Internal 
Medicine  and  Co-Director,  Division  of  Cancer  Studies,  Medical  College  of 
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Virginia,  Richmond,  Va. 

Mittra,  Anita  Pratap,  L.M.S.S.A.,  Private  Practice,  New  Delhi,  India. 

Morris,  George  C.  Jr.,  M.D.,  Vascular  Surgery.  Associate  Professor  of  Surgery, 
Baylor  University  College  of  Medicine,  Houston,  Texas. 

Moughon,  W.S.  Jr.  ,M.D.,  Medicine.  Private  Practice.  Birmingham,  Ala. 

Ohlsen,  John  E.,  M.S.,  Clinical  Biochemistry.  Director,  Hastings  Medical  Labora* 
tories,  Hastings,  Nebr. 

Picciano,  Jaqueline  L.,  M.S.,  Medical  Librarianship.  Librarian,  Academy  of  Medi¬ 
cine  of  New  Jersey,  Bloomfield,  N.  J. 

Pizzi-Pozzi,  Tulio,  M.D.,  General  Pathology  and  Parasitology.  Professor  of  General 
Pathology,  University  of  Chile,  School  of  Medicine,  Santiago,  Chile. 

Pliego,  Jenaro,  M.D.,  Thoracic  and  Cardiovascular  Surgery.  Staff  Surgeon,  The 
Institute  Nacional  de  Cardiologia,  Mexico,  D.  F.,  Mexico. 

Pray,  Lawrence  G.,  M.D.,  Child  Health.  Department  of  Pediatrics,  Fargo  Clinic, 
St.  Luke’s  Hospital,  Fargo,  N.  Dak. 

Sampath,  Shadrach  David,  M.D.,  Accidents  among  Children.  General  Practioner, 
San  Fernando,  Trinidad,  West  Indies. 

Schantz,  Edward  J.,  Ph.  D.,  Biochemistry.  Chief,  Chemistry  Branch,  U.  S.  Army 
Chemical  Corps  Biological  Laboratories,  Fort  Detrick,  Frederick,  Md. 

Scheier,  Ivan  H.,  Ph.D.,  Psychology.  Associate  Director,  The  Institute  for  Person¬ 
ality  and  Ability  Testing,  Champaign,  Ill, 

Schwarz-Tiene,  Eugenio,  Pediatrics.  Professor,  University  of  Pavia,  Pavia,  Italy. 

Seelbach,  C.  W.,  Ph.D,,  Petrochemical  and  Polymer  Chemistry.  Section  Head, 
Chemicals  Research  Division,  Esso  Research  &  Engineering  Co.,  Linden,  N.  J. 

Shin,  Ka  Chuen,  M.D.,  Medical  Science.  Private  Practice,  Hong  Kong. 

Siman,  Bernard  L.,  M.Sc.,  Anesthesiology.  Director,  Mi sericordi a  Hospital, Phila¬ 
delphia,  Pa. 

Smith,  J.  Philip,  LL.B.,  Pharmaceutical  Research.  Vice-President,  Chas.  Pfizer 
&  Co.,  Inc.,  New  York,  N.  Y, 

Solney,  Edward  M.,  B.A.,  Cancer.  Research  Assistant,  Sloan-Kettering  Institute 
for  Cancer  Research,  New  York,  N.  Y. 

Stanton,  Hubert  C.,  Ph.D.,  Pharmacology.  Senior  Pharmacologist,  Mead  Johnson 
Research  Center,  Evansville,  Ind. 

Stone,  William  Jr.,  M.D.,  Ophthalmology.  Director  of  Ophthalmic  Plastics  Laboratory, 
Massachuetts  Eye  and  Ear  Infirmary,  Boston,  Mass. 

Strom,  Charles  A.,  Jr.,  BEE^,  Electronics.  Chief  Engineer,  Rome  Air  Development 
Center-USAF,  Rome,  N.  Y. 

Taniuchi,  Yoshiharu,  M.D.,  Cytoplasmic  Inheritance  in  Pathogenie  Protozoa.  Post¬ 
graduate  Student,  Osaka  University,  Osaka,  Japan. 

Thomas,  Roger  B.,  M.D.,  Medicine.  Staff,  Wilmington  General  Hospital, Wilmington, 
Del. 

Tindall,  Walter  Joseph,  M.D, ,  General  Medicine.  Clinical  Assistant,  Royal  Free 
Hospital^  London,  England. 

Tremaine,  Breckinridge  Kenney,  B.A.,  Gases  and  Fumes- Air  Pollution  Control. 
Director,  New  Product  Development,  Rhodia  Inc.  West  Chester,  Pa. 

Veit,  Barbara,  M.D.,  Dermatology.  Private  Practice,  Newport,  R.  L 

Vogelesand,  Allart  W.  L.,  M.D.,  Medical  Electronics.  Private  Practice,  New  West¬ 
minster,  B.  C.,  Canada. 

Vozza,  Riccardo,  M.D.,  Ophthalmology.  Assistant,  Eye  Clinic,  University  of  Rome, 
Rome,  Italy. 

Weston,  John  L,  M.D.,  Medicine  &  Surgery.  Private  Practice,  Fairbanks,  Alaska. 

White,  Charles  Gordon,  M.D.,  Medicine  and  Surgery.  Missionary  Physician,  North 
Webster,  Ind. 

Williams,  Russell  L,  M.D.,  Otorhinolaryngology  and  Allergy.  Private  Practice, 
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Cheyenne,  Wyo. 

Wirth.  Friedrich,  M.D.,  Plastic  Surgery  of  the  Face  and  Oral  Surgery.  Private 
Clinic,  Graz,  Austria. 

Yablonsky,  Dmeter,  B.E.&,  Medical  Diagnosis  by  Instruments.  Manufacturer, 
Consultant  Researcher.  Dmeter  Manufacturing  Co.,  Inc.,  Yonkers,  N.  Y. 


STUT^ENT 

Perel,  James  M.,  M.  A.,  Physical*Organic  Chemistry.  New  York  University  Graduate 
School  of  Arts  and  Science,  New  York,  N.  Y. 

Rossi,  Albert,  M.S.,  Physical  Organic  Chemistry.  Teaching  Fellow,  Department 
of  Chemistry,  New  York  University,  New  York,  N.  Y. 

Smith,  William  C.,  B.S.,  Animal  Science.  Rutgers,  The  State  University,  New 
Brunswick,  N.  J. 


Elected  September  21,  1961 
SUSTAINING 

Crain,  Darrell  C.,  M.D.,  Arthritis  and  Rheumatic  Diseases.  Private  Practice, 
Washington,  D.  C. 

Haynes,  Walter  George,  M.D.,  Neurological  Surgery.  Private  Practice,  Birming¬ 
ham,  Ala. 

Weathers,  William  Anthony,  D.O.,  Anthropology.  Private  Practice,  Malin,  Ore. 

ACTIVE 

Agalides  Eugene,  Ph.D.,  Biophysical  Communication.  Senior  Research  Staff 
Member,  General  Dynamics,  Rochester,  N.  Y. 

Anderson,  Elizabeth  M.  K.,  M.D.,  Medicine.  Assistant  Medical  Director,  Rehabi¬ 
litation  Center  of  Hawaii,  Honolulu,  Hawaii. 

Anghelis,  Basil,  M.D.,  Tuberculosis.  Resident  in  Pediatrics,  Notre-Dame  Hos¬ 
pital,  Montreal,  Quebec,  Canada. 

Bacchus,  Habeeb,  Ph.D.,  Endocrinology.  Principal  Investigator,  Providence 
Hospital  Research  Lab.,  Washington,  D.  C. 

Balkissoon,  Basdeo,  M.D.,  Heart  Research.  Graduate  Student  working  for  Ph.D., 
Howard  University,  Washington,  D.  C. 

Bates,  James  S.  Jr.,  M.D.,  Obstetrics.  Private  Practice,  Hollywood,  Fla. 

Bauer,  John  Conrad,  Ph.D.,  Pharmaceutical  Chemistry.  Executive  Vice-Presi¬ 
dent,  Bunting  Chemical  Co.,  Baltimore,  Md. 

Beamish,  Fred  Earl,  M.A.,  Analytical  and  Inorganic  Chemistry.  Professor,  Uni¬ 
versity  of  Toronto,  Toronto,  Ontario,  Canada. 

Beaton,  John  Rogerson,  Ph.D.,  Biochemistry.  Head,  Physiological  Chemistry 
Section,  Defense  Research  Medical  Labs.,  Toronto,  Ontario,  Canada. 

Beck,  Niels  C.,  B.S.,  Geophysics.  Assistant  Director,  Illinois  Institute  of  Tech¬ 
nology,  Chicago,  Ill. 

Beohar,  Prakash  Chandra,  M.B.B.S.,  Pathology.  Lecturer,  Medical  College, 
Jabalpur,  India. 

Biddle,  Marjorie,  Ph.D.,  Medical  Microbiology.  Medical  Microbiologist,  Los 
Angeles  County  General  Hospital,  Los  Angeles,  Calif. 

Bland,  John  H.,  M.D.,  Rheumatism.  Associate  Professor  of  Medicine,  Univer¬ 
sity  of  Vermont  College  of  Medicine,  Burlington,  Vt. 

Brachfeld,  Norman,  M.D.,  Medicine.  Instructor  in  Medicine,  Cornell  University 
Medical  College,  New  York,  N.  Y. 
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Brian,  P.  L.  Thibaut,  Sc.D.,  Chemical  Engineering.  Assistant  Professor  of 
Chemical  Engineering,  Massachusetts  Institute  of  Technology,  Cambridge, 
Mass. 

Briceno,  Ali  Romero,  Ph.D.,  Nutrition.  Secretary  General  of  Instituto  de  Pre¬ 
vision  Social  Del  Medico,  Caracas,  Venezuela. 

Brodie,  Hugh  Russell,  M.D.,  Pediatrics.  Assistant  Physician,  Montreal  Children’s 
Hospital,  Montreal,  Quebec,  Canada. 

Brown,  W.  M.  court,  M.B.,  Medical  Sciences.  Director,  Medical  Research  Coun¬ 
cil,  Western  General  Hospital,  Edinburg,  Scotland. 

Byron,  Herve  M.,  M.D.,  Opthalmology.  Assistant  Professor,  New  York  Medical 
College,  New  York,  N.  Y. 

Carter,  Frank  J.,  M.D.,  Medicine.  Obstetrician,  Private  Practice,  Norwich,  Conn. 

Cawein,  Madison  J.,  M.D.,  Hematology.  Assistant  Professor,  University  of 
Kentucky  Medical  Center,  Lexington,  Ky. 

Chaiken,  Robert  F.,  M.S.,  Chemical  Physics.  Technical  Specialist,  Aerojet- 
General  Corp.,  Azusa,  Calif. 

Chaudhuri,  Amala,  M.D.,  Pediatrics.  Professor  of  Social  Pediatrics,  The  In¬ 
stitute  of  Child  Health,  Calcutta,  India. 

Chisholm,  Geoffrey  D.,  M.B.,  Renal  Function.  Surgery,  Hammorsmith  Hospital, 
London,  England.' 

Corbett,  Sewell  Munson,  M.D.,  Medical.  Retired,  Adington,  Va. 

Daggett,  Albert  Frederick,  Ph.D.,  Analytical  Chemistry.  Professor  of  Chemistry, 
University  of  New  Hampshire,  Durham,  N.  H. 

Delaney,  Michael  J.,  B.S.,  Medical  Physics.  Assistant  Product  Manager,  North 
American  Philips  Co.,  Inc.,  New  York,  N.  Y. 

De  Lisser,  Lena  Alhama,  M.S.,  Pharmaceutical  Chemistry.  Instructor,  Columbia 
University  College  of  Pharmacy,  New  York,  N.  Y. 

Dement,  William  C.,  Ph.D.,  The  psychophysiology  of  sleep  and  dreams.  Columbia 
University,  New  York,  N.  Y. 

Dougherty,  Thomas  John,  Ph.D.,  Statistical  Mechanics.  Assistant  Professor  of 
Chemistry,  Stevens  Institute  of  Technology,  Hoboken,  N.  J. 

Durelli,  A.,  Dr.Eng.,  Solid  Mechanics.  Professor,  Catholic  University  of  America, 
Washington,  D.  C. 

Elinson,  Jack,  Ph.D.,  Medical  Sociology.  Associate  Professor,  Columbia  Uni¬ 
versity,  New  York,  N.  Y. 

Ellis,  R.  Hobart  Jr.,  Ph.D.,  Nuclear  Science  and  Engineering.  Managing  Editor, 
Nucleonics  Magazine,  New  York,  N.  Y. 

Enesco,  Mircea,  Ph.D.,  Dynamics  of  cell  populations  in  Mammals.  Research 
Associate,  McGill  University,  Montreal,  Quebec,  Canada. 

Erhardt,  Carl  L.,  M.S.,  Public  Health  Statistics.  Director,  Department  of  Health, 
City  of  New  York,  New  York,  N.  Y. 

Estrin,  Gerald,  Ph.D.,  Engineering.  Professor,  University  of  California,  Los 
Angeles,  Calif. 

Feldman,  Avner  L,  M.D.,  Neurological  Surgery.  Private  Practice,  Inglewood, 
Calif. 

Flaig,  Wolfgang,  A.  J.,  Ph.D.,  Soil  Biochemistry.  Director,  Institut  fiir  Bio- 
chemie  Des  Bodens,  Braunschweig,  Germany. 

Flanagan,  George  F.,  Ph.D.,  Clinical  Psychology.  Staff  Psychologist,  Catholic 
Charities’  Guidance  Clinic,  Brooklyn,  N.  Y. 

Forrest,  Stephen  Paul,  D.D.S.,  Dentistry.  Dean,  St.  Louis  University,  St.  Louis, 
Mo. 

Freudenstein,  Ferdinand,  Ph.D.,  Mechanical  Engineering.  Professor  and  Chair¬ 
man,  Columbia  University,  New  York,  N.  Y. 

Friberg,  Ulf  Ake,  Ph.D.,  Histology.  Orthopedic  Research  Labs.,  Massachusetts 
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General  Hospital,  Boston,  Mass. 

George,  Aimer  T.,  M.D.,  Biological  and  Medical  Sciences.  Surgeon,  Memorial 
Hospital,  Albany,  N.  Y. 

George,  Frederick  H.,  M.D.C.M.  Endocrinology.  Saint  John  General  Hospital, 
St.  John,  N.  B.,  Canada. 

Giles,  Frederick  Lemuel,  M.D.,  Internal  Medicine.  Private  Practice,  Honolulu, 
Hawaii. 

Goldstein,  Herbert,  Ph.D.,  Nuclear  Physics.  Professor,  Columbia  University, 
New  York,  N.  Y. 

Green,  Charles  Robert  Jr.,  M.D.,  Archeology.  Private  Practice,  Wilmington,  Del. 

Haddon,  William  Jr.,  M.D.,  Biological  and  Medical  Sciences.  Director,  Epidemi¬ 
ology  Residency  Program,  New  York  State  Department  of  Health,  Albany,  N.Y, 

Hanley,  J.  Bainbridge,  M.D.,  Internal  Medicine.  Attending  in  Medicine,  Bristol 
Hospital,  Bristol,  Conn. 

Harris,  Ruth  C.,  M.D.,  Biochemistry.  Assistant  Professor  of  Pediatrics,  Colum¬ 
bia  University  College  of  Physicians  and  Surgeons,  New  York,  N.  Y. 

Hazzard,  Lawrence  R.  Jr.,  M.D.,  Anesthesia.  Private  Practice,  Greenland,  N.  H. 

Heist,  Carroll  E.,  Ph.D.,  Immunology  and  Serology.  Associate  Professot  of  Bac¬ 
teriology,  Pennsylvania  State  University,  University  Park,  Pa. 

Heller,  Alfred,  Ph.D.,  Neuropharmacology.  Assistant  Professor  of  Pharmacology, 
University  of  Chicago,  Chicago,  Ill. 

Hendricks,  John  G.,  Ph.G.,  Polymer  Chemistry.  Director,  Stowe-Woodward,  Inc., 
Newton  Upper  Falls,  Mass. 

Henley,  Ernest  J.,  Dr.Eng.Sci.,  Chemical  Engineering.  Professor,  Stevens 
Institute  of  Technology,  Hoboken,  N.  J. 

Herman,  Grace  G.,M.D.,  Gynecology.  Assistant,  Department  Obstetrics,  Columbia 
University,  New  York,  N.  Y. 

Hiatt,  Robert  B.,  M.D.,  Smooth  muscle  physiology.  Associate  Professor  of 
Surgery,  College  of  Physicians  and  Surgeons,  Columbia  University,  New 
York,  N.  Y. 

Hirsch,  Lawrence  L.,  M.D.,  Medicine.  Private  Practice,  Chicago,  Ill. 

Hnilica,  Lubomir  Sidunius,  Ph.D.,  Biochemistry  of  Nucleoproteins,  Instructor  in 
biochemistry,  Baylor  University  College  of  Medicine,  Houston,  Texas. 

Holman,  R.  A.,  M.D.,  Biological  and  Medical  Sciences.  Senior  Lecturer,  Univer¬ 
sity  of  Wales,  Cardiff,  Wales. 

Hou,  H.  C.,  M.D.,  Nutrition.  Private  Practice,  Shanghai,  China. 

Hovemeyer,  William  E.,  B.&E.,  Instrumentation.  Research  Associate,  Columbia 
University,  New  York,  N.  Y. 

Hsu,  Konrad  C.,  Ph.D.,  Microbiology.  Assistant  Professor  of  Microbiology, 
Columbia  University,  New  York,  N.  Y. 

Huang,  Wei  Yip,  Ph.D.,  Medical  Research.  Research  Associate,  Department  of 
Surgery,  Harvard  Medical  School,  Boston,  Mass. 

Hunter,  John  George,  M.B.,  Medicine.  General  Secretary,  British  Medical  Asso¬ 
ciation  in  Australia,  Sidney,  Australia. 

Iverson,  Lalla,  M.D.,  Pathology.  Special  Assignment,  Survey  Medical  Problems 
in  India,  New  Delhi,  India. 

Jasinski,  Doris  R.,  M.D.,  Medicine.  Cancer  Control  Physician,  Hawaii  State 
Health  Department,  Honolulu,  Hawaii. 

Jones,  Richard  J.,  M.D.,  Internal  Medicine.  Associate  Professor  of  Medicine, 
University  of  Chicago,  Chicago,  Ill. 

Kalos,  Malvin  H.,  Ph.D.,  Nuclear  Physics.  Scientific  Adviser,  United  Nuclear 
Corp.,  White  Plains,  N.  Y. 

Kanig,  Joseph  Louis,  Ph.D.,  Pharmaceutical  Science.  Associate  Professor  of 
Pharmacy,  Columbia  University  College  of  Pharmacy,  New  York,  N.  Y. 
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Kaufman,  Mavis  A.,  M.D.,  Neuropathology.  Assistant  Professor,  Columbia  Uni¬ 
versity,  New  York,  N.  Y. 

Kratzer,  Guy  Livingston,  M.D.,  Diseases  of  the  Colon  and  Rectum.  Chief,  De¬ 
partment  of  Proctology,  Allentown  Hospital,  Allentown,  Pa. 

Kutter,  Hans  U.,  M.D.,  Internal  Medicine.  Private  Practice,  Toledo,  Ohio. 

Lefcourt,  Jesse  L.,  D.D.S.,  Dentistry.  Private  Practice,  New  York,  N,  Y. 

Lord,  Norman  W.,  Ph.D.,  Solid  State  Physics.  Research  Scientist,  Hudson 
Laboratories,  Dobbs  Ferry,  N.  Y. 

Loring,  Janet  M.,  B.A.,  Steroid  Chemistry.  Research  Assistant,  Boston  Lying-in 
Hospital,  Boston,  Mass. 

McCartney,  Charles  P.,  M.D.,  Renal  Physiopathology  in  normal  and  abnormal 
pregnancy.  Professor,  University  of  Chicago,  Chicago,  Ill. 

Majchrowicz,  Edward,  Ph.D.,  Metabolic  Effects  of  Drugs.  Research  Associate, 
University  of  Virginia  Medical  School,  Charlottesville,  Va. 

Malmquist,  Winston  A.,  D.V.M.,  Virology.  Veterinarian,  National  Animal  Disease 
Laboratory,  Ames,  Iowa. 

Massell,  Benedict  F.,  M.D.,  Medical  Research.  Research  Director,  House  of  the 
Good  Samaritan,  Boston,  Mass. 

Mendez-De  La  Vega,  Jose,  Ph.D.,  Lipid  Metabolism.  Director  of  Training  Pro¬ 
grams,  Institute  of  Nutrition  of  Central  America  and  Panama,  Guatemala  City, 
Guatemala. 

Miller,  David  G.  Jr.,  M.D.,  Medicine.  Active  General  Practice,  Morgantown,  Ky. 

Moscatelli,  Ezio,  A.,  Ph.D.,  Biochemistry.  Senior  Chemist,  Merck,  Sharp  & 
Dohme  Research  Labs.,  Rahway,  N.  J. 

Nies,  Richard  D.,  M.D.,  Psychiatry.  Private  Practice,  Alameda,  Calif. 

O’Neill,  James  B.,  M.D.,  Medicine,  Attending  Physician,  Little  Company  of 
Mary  Hospital,  Evergreen  Park,  Ill. 

Pal,  R.,  Ph.D.,  Insecticides.  Deputy  Director,  Malaria  Institute  of  India,  Delhi, 
India. 

Quinby,  William  C.  Jr.,  M.D.,  Surgery.  Instructor  in  Surgery,  Harvard  Medical 
School,  Boston,  Mass. 

Quintela,  Manuel,  M.D.,  Medicine.  Hospital  de  Clinica,  Montevideo,  Uruguay. 

Radnor,  David  B.,  M.D.,  Pulmonary  Diseases.  Director,  Chest  Department, 
Michael  Reese  Hospital,  Chicago,  Ill. 

Recio,  Porfirio  M.,  M.D.,  Surgery.  Assistant  Professor,  University  of  the  Philip¬ 
pines,  Manila,  Philippines. 

Roberts,  Harry  Duncan,  M.D.,  General  Surgery.  Private  Practice,  St.  John’s 
Nfld.  Canada. 

Ruschig,  Heinrich,  Dr.  Phil.,  Abteilung  der  Farbwerke  Hoechst  AG,  Bad  Soden/ 
Taunus,  Germany. 

Ryan,  Robert  F.,  M.D.,  Surgery.  Assistant  Professor,  Tulane  University  School 
of  Medicine,  New  Orleans,  La. 

Schoeppler,  Mary  Clare,  R.N.,  Biochemistry.  U.  S.  Air  Force  Nurse  Corps., 
Brooklyn,  N.  Y. 

Sexton,  John  J.,  BSEE,  Environmental  Sciences,  Head,  Technical  and  Adminis¬ 
trative  Staffs,  American  Bosch  Arma  Corp.,  Garden  City,  N.  Y. 

Sigurjonsson,  Julius,  M.  D.,  Epidemiology.  Professor  in  Hygiene,  University  of 
Iceland,  Reykjavik,  Iceland. 

Slater,  David,  M.E.EX,  Electronics.  Research  Scientist,  New  York  University, 
College  of  Engineering,  Bronx,  N.  Y. 

Smets,  George  J.  G.,  Ph.Dr.,  Chemistry.  Professor,  Faculty  of  Sciences,  Uni¬ 
versity  of  Louvain,  Louvain,  Belgium. 

Spector,  Walter  Graham,  M.  D.,  Pathology.  Lecturer,  University  College  Hospital 
Medical  School,  London,  England. 
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Tanaka,  Ikuro,  M.D.,  Physiology.  Professor,  Kumamoto  University  Medical 
School,  Kumamoto,  Japan. 

Taylor,  Mark  K.,  B.S.,  Pharmacology.  Assistant  Scientist,  Warner  Lambert  Re¬ 
search  Institute,  Morris  Plains,  N.  J. 

To  veil,  Ralph  Moore,  M.D.,  Anesthesiology.  Director,  Hartford  Hospital,  Hart¬ 
ford,  Conn. 

Tu,  Tsuchlh,  M.D.,  Pharmacology.  Professor.  Takau  Medical  College,  Kaohsiung, 
Formosa. 

Turell,  Morris,  M.D.,  Urology.  Attending  Urologist,  Sea  View  Hospital,  West 
Brighton  Staten  Island,  N.  Y. 

Vassalle,  Mario,  M.D.,  Cardiovascular  Physiology.  State  University  of  New  York, 
Brooklyn,  N.  Y. 

Vau^an,  J.  E.,  M.D.,  Obstetrics  and  Gynecology.  Private  Practice,  Bakers¬ 
field,  Calif. 

Velasco-Suarez,  Manuel  M.,  M.D.,  Neurology  and  Neurosurgery.  Professor, 
National  Uiiversity  of  Mexico,  Mexico,  D.  F.,  Mexico. 

Ward,  John  M.,  Ph.D.,  Cell  Physiology.  Professor  and  Chairman,  Temple  Uni¬ 
versity,  Philadelphia,  Pa. 

Wright,  William  Wynn,  Ph.D.,  Analysis.  Director  of  Research,  Food  and  Drug 
Administration,  U.S.  Department  of  Health,  Education  and  Welfare,  Washing¬ 
ton,  D.  C. 


STUDENT 

Ramazzotto,  Louis  John,  Cancer  Research.  Fairleigh  Dickinson  University, 
Teaneck,  N.  J. 

Weingarten,  Peter  Lawrence,  B.A.,  Medical.  Student,  Columbia  University, 
College  of  Physicians  and  Surgeons,  New  York,  N.  Y. 


Elected  October  26,  1961. 

LIFE 

de  Heer,  Joseph,  Ph.D.,  Theoretical  Chemistry.  Associate  Professor  of  Chemistry, 
University  of  Colorado,  Boulder,  Colo. 

Dockstader,  Frederick  J.,  Ph.D.,  Anthropology.  Director,  Museum  of  the  American 
Indian,  New  York,  N.  Y. 

Johnson,  Lester  E.,  M,D.,  Internal  Medicine.  Private  Practice,  Alameda,  Calif. 

Selawry,  Oleg  S.,  M.D.,  Medicine.  Assistant  Cancer  Research  Internist,  Roswell 
Park  Memorial  Institute,  Buffalo,  N.  Y. 

ACTIVE 

Abou-Ghorra,  Ibrahim  M.,  Ph.D, ,  Psychology.  Assistant  Professor  and  Clinical 
Psychologist,  Fresno  State  College,  Fresno,  Calif. 

Adams,  Herbert  J.,  Ph.D.,  Pharmacology.  Senior  Pharmacologist,  Smith  Kline 
&  French  Labs.,  Philadelphia,  Pa. 

Agnew,  Paul  Comstock,  M.D.C.M.,  Psychiatry.  Private  Practice,  Chicago,  lU. 

Amiel,  Jean-Louis,  M.D.,  Hematologie.  Director,  Adjoint  du  Centre  De  Recherches 
Canc^rologiques  et  Radiopathologiques  De  L* Association  Claude-Bemard, 
Paris,  France. 

Amstey,  Marvin  S.,  B.SL,  Medicine.  Sophomore  Medical  Student,  Duke  Medical 
Center,  Durham,  N.  C. 

Andrade,  Rafael,  M.D.,  Anatomy  and  Pathology  of  the  Skin.  Assistant  Professor 
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of  Dermatology,  New  York  University,  New  York,  N.  Y, 

Arnold,  Harry  L.  Jr.,  M.D.,  Medicine.  Private  Practice,  Honolulu,  Hawaii. 

Aschkenasy,  Alexandre,  M.D.,  Hermatology.  Centre  National  de  la  Recherche 
Scientifique,  Paris,  France. 

Baird,  Spencer  L.  Jr.,  A. M.,  Biochemistry.  Research  Associate,  Institute  for  Muscle 
Research,  Woods  Hole,  Mass. 

Bakal,  Doiiel,  M.D.,  Internal  Medicine.  Private  Practice,  Baltimore,  Md. 

Batchelder,  Augustus  Hugh,  B.S.,  Petroleum  Products.  Vice-President  and  General 
Manager,  California  Research  Corp.,  Richmond,  Calif. 

Bates,  David  Vincent,  M.  D. ,  Academic- Applied  Respiratory  Physiology  and  Clinical 
Investigation.  Director,  Royal  Victoria  Hospital,  Montreal,  Que.,  Canada 

Batra,  L.  R.,  Ph.D.,  Microbiology.  Research  Associate,  University  of  Kansas, 
Lawrence,  Kans. 

Bean,  Frederic  R.,  Ph.D.,  Organic  chemistry.  Technical  Associate,  Eastman 
Kodak  Co.,  Rochester,  N.  Y. 

Bennett,  Michael  V.  L.,  D.Phil.,  Neurophysiology,  Associate  Professor,  Columbia 
University,  New  York,  N.  Y, 

Berkey,  William  E.,  M.D.,  Cardiology.  Private  Practice,  Coral  Gables,  Fla 

Bickerton,  Robert  Ph.D.,  Cardiovascular  pharmacology.  Senior  research 

pharmacologist,  Eaton  Laba,  Norwich,  N.  Y. 

Bishop,  Ronald  C.,  M.D.,  Medicine,  Associate  Professor,  University  of  Michigan, 
Ann  Harbor,  Mich. 

Bomke,  Hans  A.,  Ph.D.,  Physics  and  Geophysica  Adjunct  Professor  of  Physics, 
Fordham  University,  New  York,  N.  Y. 

Brill,  Henry,  M.D.,  Psychiatry.  Deputy  Commissioner,  Department  of  Mental  Hy¬ 
giene,  Albany,  N.  Y. 

Brown,  Fordyce  M.,  Ph.B.,  Photographic  instrumentation,  and  rapid  access  photo¬ 
graphic  processing.  President,Photomechanisms,  Inc.,  Huntington  Station,  N.  Y. 

Burgeni,  Alfred  A.,  Ph.D.,  Physical  Chemistry.  Head,  Basic  Research  Department, 
Personal  Products  Corp.,  Milltown,  N.  J. 

Burnham,  Virginia  G.  S.,  Basic  Medical  Research.  Consultant  to  the  Surgeon  Gen¬ 
eral  of  the  U.S.  Public  Health  Service,  Manufacturing  Executive,  Waterbury,  Conn. 

Caceres,  Eduardo,  M.D. ,  Neoplastic  Disease.  Director  and  Chief  of  Surgery,  Insti¬ 
tute  Nacional  de  Enfermedades  Neoplasicas,  Lima,  Peru. 

Camishion,  Rudolph  C.,  M.D.,  Cardiovascular  Research.  Instructor  in  Surgery, 
Jefferson  Medical  College,  Philadelphia,  Pa. 

Cano,  Rene  A.,  M.D.,  Orthopedic  Surgery.  Private  Practice,  Miami,  Fla. 

Capell,  Robert  G.,  M.S.,  Chemical  and  Physical  Sciences.  Director  of  Commercial 
Development,  Gulf  Oil  Corp.,  Pittsburgh,  Pa. 

Chase,  Norman  E.,  M.D.,  Neuroradiology.  Assistant  Professor,  N.  Y.  University 
College  of  Medicine,  New  York,  N.  Y. 

Cohen,  Clifford,  M.D.,  Internal  Medicine.  Private  Practice,  Brooklyn,  N.  Y. 

Corstvet,  Richard  &,  Ph.D.,  Microbiology.  Principal  Laboratory  Technician, 
University  of  California,  Davis,  Calif. 

Crawn,  Paul  M.  Jr.,  B.S.,  Vertebrate  Zoology.  Pharmacologist  (Junior),  Smith 
Kline  &  French  Labs.,  Philadelphia,  Pa. 

Crocker,  Robert  Langdon,  D.Sc.,  Quaternary.  Professor  of  Botany,  University  of 
Sidney,  Sidney,  Australia. 

Croshaw,  J.  Ellis  Jr.,  D.V.M.,  Anatomy.  Associate  in  Anatomy,  School  of  Veteri¬ 
nary  Medicine,  University  of  Pennsylvania,  Philadelphia,  Pa. 

Crowell,  Thomas  Worth,  M.D.,  Radiology.  Private  Practice,  Bellingham,  Wash. 

Crowson,  William  Nathan,  M.D.,  Surgery.  Chief  of  Surgery,  Coahoma  County  Hos¬ 
pital,  Clarksdale,  Miss. 

Dahlstrom,  Roy,  Ph.D.,  Physical  Chemistry.  Director  of  Research.  National  Lead 
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Co.,  New  York,  N,  Y, 

De  Felice,  Eugene  A.,  M.D.,  ClinicalResearch.  Assistant  Director,  Warner-Lambert 
Research  Institite,  Morris  Plains,  N.  J. 

D4moge,  Paul  H.  L.,  D.O.,  Human  Genetics.  Membre  du  Corps,  Enseignant,  Ecole 
Dentaire  de  Paris,  Paris,  France. 

de  Weid,  David,  M.D.,  Endocrinology.  Professor,  Experimental  Endocrinology, 
University  of  Groningen,  Groningen,  Netherlands. 

Diehl,  M.  Joan,  Ph.D.,  Human  Engineering.  Assistant  in  Psychology,  Columbia 
University,  New  York,  N.  Y, 

Di  Mattel,  Pietro,  Ph.D,,  General  Pharmacology.  Professor,  Universita  Di  Roma, 
Rome,  Italy. 

Eldridge,  Francis  Reed  Jr.,  B.S.,  Command  Control  and  Communications.  Staff 
Member,  Rand  Corp.,  Santa  Monica,  Calif. 

Elias,  Miguel  G.,  M.D.,  Medical  and  Cancer  Research.  Retired,  New  York,  N.Y. 

Fiala,  Silvio,  M.D.,  Cell  Physiology.  Research  Associate,  Columbia  University, 
New  York,  N.  Y. 

Fielding,  Joseph  William,  M.D.,  Orthopedic  Surgery.  St.  Luke’s  Hospital,  New 
York,  N.  Y. 

Firdman,  Marvin,  D.D.S.,  Biological  Sciences.  Assistant  in  Dentistry,  Columbia 
University,  New  York,  N,  Y. 

Flournoy,  John  M.,  Ph.D.,  Physical  Chemistry.  Technical  Specialist,  Aerojet- 
General  Corp.,  Azusa,  Calif. 

Foreman,  Charles  William,  Ph.D.,  Comparative  Physiology.  Professor  of  Biology, 
Pfeiffer  College,  Misenheimer,  N.C. 

Friedlander,  Walter  J.,  M.D.,  Neurology.  Associate  Professor  Neurology.  Albany 
Medical  Center,  Albany,  N.  Y, 

Galla,  Stephen  Joseph,  M.D.,  Physiology.  Assistant  Professor  of  Anesthesiology, 
University  of  Pittsburgh  School  of  Medicine,  Pittsburgh,  P  & 

Gelboin,  Harry  V.,  Ph.D.,  Biochemistry.  Biochemist,  Laboratory  of  Clinical  Science, 
National  Institutes  of  wealth,  Bethesda,  Md. 

Gloor,  Peter,  Ph.D.,  Electroencephalography.  Montreal  Neurological  Institute^ 
Montreal,  Quebec,  Canada. 

Glynn,  Leonard  E.,  M.D.,  Immimology.  Medical  Research,  Canadian  Red  Cross 
Memorial  Hospital,  Taplow,  Berks.,  England. 

Grings,  William  W.,  Ph.D.,  Psychology.  Professor  and  Chairman  of  Psychology 
Department,  University  of  California,  Los  Angeles,  Calif. 

Gross,  Robert  R.,  Ph.D.,  Nutrition.  Director,  Nutritional  Rest  Home,  Hyde 
Park,  N  .  Y. 

Haenlein,  George  F.  W.,  M.S.,  Animcd  Nutrition.  Research  Associate,  University 
of  Delaware,  Newark,  DeL 

Harrow,  Lee  S.,  Ph.D.,  Chemistry.  Director  of  Research,  American  Safety  Razor 
Co.,  Staunton,  Va. 

Heskett,  Byford  Franklin,  M.D.,  Medicine.  Assistant  Professor,  Obstetrics  and 
Gynecology,  Northwestern  University,  Chicago,  Ill. 

Hoffer,  Abraham,  Ph.D.,  Physical  Mineralogy.  Research  Associate,  Crystal  Re¬ 
search  Laboratory,  Pennsylvania  State  University,  University  Park,  Pa 

Holmes,  Augusta  W.,  M.A.,  Biochemistry.  Science  Teacher,  J.H.S.  60,  New  York, 
N.  Y. 

Holm-Hansen,  Osmund,  Ph.D.,  Plant  Physiology.  Assistant  Professor,  University 
of  Wisconsin,  Madison,  Wis. 

Hyman,  William  A.,  LL.B.  Space.  Chairman,  Committee  on  Aeronautics,  Federal 
Bar  Association  of  New  York,  New  York,  N.  Y. 

Isemburg,  Joel  S.,  Ph.D.,  Aeronautical  Sciences.  Technical  Director,  Flight  Sci¬ 
ences  Laboratory,  Inc.,  Buffalo,  N.  Y. 
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Ishimaru,  Akira,  Ph.D.,  Microwave  Antennas.  Associate  Professor  of  Electrical 
Engineering,  University  of  Washington,  Seattle,  Wash. 

Kadin,  Saul  B.,  Ph.D.,  Organic  Chemistry.  Research  Associate,  Rockefeller  Insti¬ 
tute,  New  York,  N,  Y. 

Kelly,  Ruth  Lundt,  Ed.  D.  Nursing.  Assistant  Professor,  Teachers  College,  Colum¬ 
bia  University,  New  York,  N.  Y, 

Kirsten,  Wolfgang  J.,  Docent-  Analytical  Chemistry.  Head  of  Micro  analytical 
Department,  University  of  Uppsala,  Uppsala,  Sweden. 

Kitamura,  Saburo  L.,  M.D.,  Internal  Medicine.  Medical  Director  of  Kitamura  Diag¬ 
nostic  Clinic,  Tokyo,  J  span. 

Kopal,  Zdenek,  M.Sc.,  Astronomy.  Professor,  University  of  Manchester,  Man¬ 
chester,  England. 

Krakauer,  Lewis  J.,  BA.D.,  Medicine.  Physician,  Corvallis  Clinic,  Corvallis,  Ore. 

Lami,  Vittorio,  M.D.,  Psychopharmacology.  Assistant,  Univsrsity  of  Milan,  Milan, 
Italy. 

Lau,  Lawrence  Lit  Jr.,  M.D.,  Anthropology.  Private  Practice,  Honolulu,  HawaiL 

Laurens,  John,  M.D.,  Colo-Rectal  Cancer.  Professor  of  Surgery,  University  of 
Arkansas  Medical  School,  Little  Rock,  Ark. 

Levinson,  Saul,  S.M., ,  Electromechanical  Engineering.  Manager,  Hillburn  Elec¬ 
tronics  Corp.,  Brooklyn,  N.  Y. 

Lichter,  Rowlin  L.,  M.D.,  Orthopedics.  Private  Practice,  Honolulu,  Hawaii. 

Lipman,  Marvin  Matthew,  M.D.,  Corticosteroid  Metabolism.  Assistcmt,  Columbia 
University,  New  York,  N.  Y, 

Littman,  Devid  Benjamin,  M.D.,  Internal  Medicine.  Resident,  Internal  Medicine, 
The  Roosevelt  Hospital  ,New  York,  N.  Y. 

Loo,  Cyrus  W.,  M.D.,  Dermatology.  Practicing  Dermatologist,  Honolulu,  Hawaii. 

Lucca,  John  J.,  D.D.S.,  Dentistry.  Associate  Professor,  Columbia  University, 
New  York,  N.  Y. 

McKay,  Donald  G.,  M.D.,  Pathology.  Delafield  Professor,  Columbia  University, 
New  York,  N.  Y. 

Majoska,  Alvin  V.,  M.D.,  Forensic  Pathology.  Chief  Medical  Examiner,  Honolulu, 
Hawaii. 

Malm,  James  Royal,  M.D.,  Cardiovascular  Surgery,  Director,  Open  Heart  Surgical 
Program,  Columbia  University,  New  York,  N.  Y. 

Mazel,  Maurice  Seymour,  M. D. ,  Cardiovascular  Surgery.  Medical  Director  and  Chief 
Surgeon,  Edgewater  Hospital,  Chicago,  lU. 

Mitani,  Yasushi,  Ph.D.,  Medicine.  Professor  of  Obstetrics  and  Gynecology, 
Nagasaki  University  School  of  Medicine,  Nagasaki,  Japan. 

Miura,  Yoshiaki,  Ph.D.,  Cancer  Research.  Professor  of  Biochemistry,  Chiba  Uni¬ 
versity,  Tokyo,  Japan. 

Montel,  Joseph  L,  B.S.,  Water  Technology.  President  and  Technical  Director, 
Hammond-Montel  Inc.,  Elmhurst,  N.  Y. 

Mort^  Modesto  M.,  M.D.,  Medicine.  Private  Practice,  Miami,  Fla. 

Moser,  Hermann  Adolf,  Ph.D.,  Metabolism.  Assistant  Professor  of  Biochemistry, 
Columbia  University,  New  York,  N.  Y. 

Mufson,  Marvin  R.,  M.D.,  Medicine.  Instructor  in  Orthopedics,  New  York  Univer¬ 
sity,  New  York,  N.  Y. 

Murphy,  Sheldon  Douglas,  Ph.D.,  Pharmacology.  Chief,  Division  of  Air  Pollution, 
U.S.  Public  Health  Service,  Cincinnati,  Ohio. 

Muskin,  Nathan,  M.D.,  Internal  Medicine.  Prairie  Clinic,  Omahtv  Nebr. 

Naidorf,  Irving  J.,  D.D.S.,  Bacteriology  of  the  Root  Canal.  Assistant  Clinical 
Professor,  Columbia  University,  New  York,  N.  Y. 

Neely,  William  A.,  M.D.,  Thoracic  and  General  Surgery.  University  of  Mississippi, 
Jackson,  Miss. 
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Nemethy,  Nicholas  L  E.,  M.D.,  Autonomic  Nervous  System.  Associate  Professor, 
Dalhousie  University,  Halifax,  N.  Sa,  Canada. 

Nesbitt,  William  E.,  M.D.,  Internal  Medicine.  Private  Practice,  Alpena,  Micju 

Odhiambo,  Thomas  Risley,  Insect  Physiology.  Student,  Queens  College,  Cam¬ 
bridge,  England. 

O’Rourke,  J.,  M.I>.,  Ophthalmology.  Associate  Professor  of  Surgery,  Georgetown 
Medical  School,  Washington,  D.  C. 

Pahl,  Herbert  B.,  Ph.D.,  Biochemistry.  Executive  Secretary.  National  Institutes 
of  Health,  Bethesda,  Md. 

Palit,  Santi  R.,  D.Sc.,  Hig^  Polymers.  Professor,  Department  of  Physical  Chem¬ 
istry,  Indian  Association  for  the  Cultivation  of  Science,  Jadavpur,  Calcutta,  India. 

Paredes,  Austreberto,  M.D.,  Medicine.  Hospital ’’Amador  Geurrero”  Colon,  Panama. 

Parvulescu,  Antares  Michael,  L.Math.Sc.,  Mathematical  Physics.  Research  Sci¬ 
entist,  Columbia  University,  New  York,  N.  Y. 

Pasquet,  Andre  F.,  M.D.,  Biological  and  Medical  Sciences.  Associate  Professor, 
Anaesthesia,  Dalhousie  University,  Halifax,  N.  S.,  Canada. 

Perez,  Eduardo  R.,  M.D,,  Allergy.  Medical-Director  Laffayette  Hospital,  Arroyo, 
Puerto  Rico. 

Petracek,  Francis  James,  Ph.D.,  Medicinal  Chemistry.  Senior  Chemist,  Riker  Lar 
boratories,  Northridge,  Calif. 

Post,  Seymour  C.,  M.D.,  Psychoanalysis.  Associate  in  Psychiatry,  Columbia  Uni¬ 
versity,  New  York,  N.  Y. 

Puri,  Amar  Nath,  M.Sc.,  Soils.  Industrialist  and  Research  Worker,  Bombay,  India. 

Raizen,  Kenneth  H.  M.D.,  Psychiatry.  Private  Practice,  New  York,  N.  Y. 

Rapp,  R.  Robert,  Ph.D.,  Meteorology.  Planetary  Sciences  Department,  The  Rand 
Corp.,  Santa  Monica,  Calif. 

Reas,  Herman  W.,  M.D.,  Pulmonary  Physiology.  Instructor  in  Clinical  Pediatrics, 
Washington  University  School  of  Medicine,  St.  Louis,  Mo. 

Reeves,  Hubert,  Ph.D.,  Nuclear  Astrophysics.  Assistant  Professor,  University  de 
Montreal,  Montryal,  Qudbec,  Canada. 

R^tfalvi,  Andor  A.,  M.D.,  Chest  Diseases.  Private  Practice,  St.  Basile,  N.  B. 
Canada. 

Rhodes,  Charlotte,  M.A.,  Psychology.  Psychologist,  Jewish  Family  Service, 
New  York,  N.  Y. 

Rierson,  Herman  A,  M.A,  Blood  Congulation.  Instructor,  Physiology  Department 
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